THE 


ASTROPHYSICAL JOURNAL 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY 
AND ASTRONOMICAL PHYSICS 


VOLUME XX DECEMBER 1904 NUMBER 5 


INTERNATIONAL CO-OPERATION IN SOLAR 
RESEARCH. 

MINUTES OF THE MEETING OF DELEGATES TO THE CONFERENCE ON 
SOLAR RESEARCH, HELD IN THE HALL OF CONGRESSES, ST. LOUIS, 
SEPTEMBER 23, 1904. 

As CHAIRMAN of the Committee on Solar Research of the National 
Academy of Sciences, which had issued the call for the Conference, 
Professor George E. Hale called the meeting to order and explained 
the purpose of the Conference. After referring to previous move- 
ments to secure co-operation in solar research, he emphasized the 
importance of encouraging individual initiative, and urged that no less 
attention be paid to such encouragement than to the accomplishment 
of large pieces of routine work through co-operative effort. 

The following officers were then elected to serve for this meeting: 

President—Professor George E. Hale. 

Vice-President—Professor Henri Poincaré. . 

Recording Secretary—Professor C. D. Perrine. 

A motion that for this meeting the voting be by societies, and that 
each society be allowed one vote, was adopted. 

A motion was made and carried that the chairman of each society’s 
committee should cast the vote for that society. 

After some remarks by Professor Hale on co-operation, the follow- 
ing motion was made by Professor Turner: 


t See ASTROPHYSICAL JOURNAL, December 1904. 
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That this meeting is in favor of the organization ofa scheme of international 
co-operation in solar research which shall encourage individual initiative, provide 
suggestions for definite lines of work, and facilitate the collection of results for 
publication. 

This expression, after remarks by Professors Poincaré, Boltzmann, 
and Hale, was made the sense of the meeting. 

Professor Hale stated that in appointing its Committee on Solar 
Research the National Academy of Sciences had given the committee 
authority to join the president and foreign secretary of the Academy 
in presenting its plans for co-operation to the International Association 
of Academies. The opportunity now existed of securing the views 
of the Conference on this subject. 

After remarks by various delegates upon the relations of scientific 
societies among themselves and to the International Association of 
Academies, the following motion was made by Professor Poincaré: 

That the committee to be appointed at this meeting negotiate with the Acad- 
emy of Sciences of Vienna with the view of obtaining the approval and the patron- 
age of the International Association of Academies. 

This motion was seconded by Professor Boltzmann and adopted. 

A short discussion then ensued upon the fulness of the representa- 
tion of interested individuals and societies in the preparation of plans 
for co-operation in solar research. 

Dr. Bauer moved: 

That the subcommittee on Terrestrial Magnetism and Atmospheric Elec- 
tricity of the International Meteorological Committee be invited to appoint a 
committee to co-operate with the Solar Research Committee. 

This motion was seconded by Mr. Rotch and adopted. 

Professor Turner moved: 

That the Hungarian Academy of Sciences of Budapest also be invited to 
appoint a committee to co-operate with the Solar Research Committee. 

This motion was seconded by Professor Frost and adopted. 

The following general motion was then made by Professor Poin- 
caré and adopted: 

That the International Committee on Solar Research, to be appointed, be 
authorized to invite, at its discretion, societies and ‘individuals which have been 
omitted, to co-operate. 


The subject of the formation of an international committee was 


then discussed. 
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Professor Turner moved: 

That each committee participating be invited to appoint a member to serve 
on the International Committee. 

This motion was seconded by Professor Campbell and adopted. 

Mr. Rotch, delegate of the subcommittee of the International 
Meteorological Committee on the relationship between meteorological 
and solar phenomena, reported on the recent meeting of the subcom- 
mittee at Cambridge. At that meeting the invitation of the National 
Academy of Sciences to co-operate with the other committees was 
accepted. 

A short discussion followed on a provisional program of observa- 
tions, at the conclusion of which Professor Turner nominated the 
following gentlemen as a committee to prepare a provisional pro- 
gram, such committee to have power to add to its number at discre- 
tion: Professor George E. Hale, Professor Arthur Schuster, Professor 
Svante Arrhenius. 

Suggestions from M. Deslandres as to observations to be under- 
taken, and the adoption of certain names of instruments and solar 
phenomena, were, at the suggestion of Professor Poincaré, referred 
to the Committee on Program. 

Following a discussion of routine measurements and computation, 
Professor Turner offered, on behalf of the Oxford University Obser- 
vatory, to undertake a portion of this work. 

A motion was therefore made by Mr. Abbot that the International 
Committee enter into negotiations with the Oxford University Obser- 
vatory with the view of providing for the measurement of plates and 
the reduction of solar observations. 

This motion was seconded by Professor Campbell and adopted. 

The suggestion was made by Dr. Bauer that if visual magnetic 
observations, especially magnetic observations at the eclipse of 1905, 
could be made at observatories with special instruments provided for 
the purpose, it was practically certain that the reduction of such 
observations would be undertaken by the Carnegie Institution. 

A memoir on standards of wave-length, prepared by MM. Pérot 
and Fabry on behalf of the Physical Society of France, was pre- 
sented by Professor Poincaré.’ 

A motion that standards of wave-length should be determined 


1 Printed elsewhere in this number.—Ebs. 
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from terrestrial instead of solar sources was referred for consideration 
to the International Committee. 

Professor Crew discussed the question of standards of wave- 
length, and pointed out the necessity of replacing Rowland’s stand- 
ards by a new system. He also presented a paper on this subject by 
Professor Kayser and a letter from Professor Michelson. 

Mr. Jewell presented in abstract a paper on Rowland’s standards. 


Following is a list of committees and delegates appointed by 


various societies. Other societies will appoint committees in the near 


future: 


Delegates Present at 


Society Committee Conference 

Royal Society of England. ...| Huggins, Christie, Lockyer, Turner 
Schuster, Newall 

Royal Astronomical Society. .| Turner, and others to be ap- Turner 


pointed 
Astronomical Society of 
Deslandres, de la Baume Pluvinel, Poincaré 
Guillaume, and others not yet 
named 

Poincaré, Fabry, Pérot, Deslan- 
dres, and others not yet named 
Ebert, Kayser, Kreusler, Lum- 
mer, Pringsheim, Runge, Strau- 
bel, Wilsing 


French Physical Society... ... Poincaré 


German Physical Society... . 


Amsterdam Academy of 


| Kapteyn 
Society of Italian Spectro- 


Kapteyn, Julius 

Tacchini, Riccé, Chistoni, Mas- 
cari 

Hann, Weiss, von Lang, Exner 


Vienna Academy of Sciences. | Boltzmann 
St. Petersburg Academy of | 


Backlund, and others not yet Backlund 


named 
Subcommittee of International Rotch 
Meteorological Committee... .| 
Stockholm Academy of 
Astronomical and Astrophys- | 
ical Society of America...... Frost, Abbot, 
Bauer, Jewell 
Perrine 
Crew, 


Frost, Abbot, Bauer, Jewell, 
Perrine 


tActing informally. 


Ames, Crew, Lewis, Mendenhall, 


E. F. Nichols 
Hale, Campbell, Langley, 
Michelson, Young 


Mendenhall 
Hale, 
Campbell 
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A motion by Professor Poincaré was then adopted referring these 
communications to the International Committee. 

Owing to lack of time for discussion, the subject of total solar 
eclipses was referred to the International Committee, upon motion 
of Professor Campbell. 

Oxford and Meudon were suggested as places for the next meeting. 
The International Committee was empowered to decide both the place 
and time of meeting, on motion of Professor Frost, seconded by 
Professor Poincaré. 

Upon motion of Professor Poincaré, the thanks of the Conference 
were tendered to Professor Hale for his interest and activity in con- 
nection with the Conference. 

The Conference then adjourned. 


GEORGE E. HAte, C. D. PERRINE, 
President. Recording Secretary. 
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CO-OPERATION IN SOLAR RESEARCH.! 
By GEORGE E. HALE. 

WE have come together, gentlemen, in response to an invitation 
from a committee of the National Academy of Sciences to consider 
the possibility of inaugurating a plan of international co-operation in 
solar research. Such a movement cannot be considered an entirely 
new one; for in the history of astrophysics we find records of several 
undertakings of a similar nature, some of which have yielded results 
of great importance. Foremost among these, perhaps, should be 
classed the important work of the Society of Italian Spectroscopists, 
which, through the observations of its own members and the effect 
of their example upon others, has added in a high degree to our 
knowledge of the Sun. We should also remember the important 
work inaugurated by Wolf and ably continued by his successor, 
Wolfer, at Zurich, of compiling Sun-spot numbers from observations 
made in all parts of the world. The well-known series of solar photo- 
graphs discussed at Greenwich is another instance of a similar kind; 
for the negatives are secured through the co-operation of the Royal 
Observatory at Greenwich, the Solar Physics Observatory at Dehra 
Dun, in India, and the Observatory at Mauritius. These photographs 
constitute the most important record of Sun-spot statistics now 
available. Indeed, they are so complete as to render similar work 
unnecessary, so far as the duplication of the extensive reductions 
go, on the part of other observatories. The initiation of this series 
of photographs is due to the Solar Physics Committee appointed by 
the British government in 1879. In 1885 this committee proposed 
to hold an international conference in London to consider plans for 
co-operation in solar research; but through the inability of delegates 
to attend the conference the project seems to have been abandoned. 
At the congress held in Paris, in 1887, to prepare plans for making 
the International Photographic Chart of the heavens, there was some 
discussion of inaugurating co-operative investigations of an astro- 

t Introductory gemarks of the chairman of the Committee on Solar Research of 
the National Academy of Sciences. 
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physical nature; but hitherto they have not been carried into effect. 
More recently, a solar commission appointed by the Astronomical 
Society of France recommended that a general plan of solar research 
be undertaken. So far as I am aware, however, the work of this 
solar commission has hitherto been confined to France. At the 
recent meeting of the British Association in Cambridge a subcom- 
mittee appointed by the International Meteorological Committee 
met to consider “the combination and discussion of meteorological 
observations from the point of view of their relations with solar 
physics.” The principal object of this movement, as will be seen 
from the announcement of the purpose of the committee, is to deal 
with meteorological questions related to solar phenomena. In the 
consideration of purely solar questions, I am happy to say that this 
committee will co-operate with the other committees represented at 
the present conference. 

From this brief, and avowedly incomplete, historical sketch it 
will be seen that the movement we are inaugurating today can lay 
no claim to novelty. It is merely the culmination of a natural series 
of events, each of which has tended to emphasize the importance of 
solar research and the desirability of harmonious co-operation among 
the investigators at work in this field. I have had frequent occasion 
to point out the great possibilities which lie open to the observer of 
solar phenomena. It may be said without exaggeration that no 
department of science, so far as I am able to judge, offers more prom- 
ising opportunities for important developments. In almost all cases 
solar observations are now being made with the methods and apparatus 
of a quarter of a century ago, and the powerful instruments of modern 
times, both astronomical and physical, have been but little applied 
in solar research. I do not mean that this is a rule without exceptions, 
but it nevertheless applies in a large proportion of cases. There 
can be no question that great advances in our knowledge of the Sun 
merely await the application of instruments and methods already 
available, but hitherto rarely employed. 

So far I have spoken with special reference to observations of 


solar phenomena, but there are other questions of general spectro- 
scopy which should play a no less important part in the deliberations 
of this conference. No one who is acquainted with the progress of 
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spectroscopy during the last twenty-five years in the physical lab- 
oratory can deny that its methods and its problems should be con- 
sidered at the same time with the problems of solar physics. Within a 
very short time laboratory experiments on the phenomena of anomalous 
dispersion have yielded results so striking as to lead certain investiga- 
tors to interpret solar observations on an entirely new basis. Although 
most solar physicists will doubtless hesitate to accept the radical 
changes in solar theory which have been advanced, they must never- 
theless be prepared to give careful consideration to the new claims. 
I might continue by pointing to many other phenomena of the lab- 
oratory, which must be studied in the closest union with solar ques- 
tions; but this is needless before the present company. One question 
of the greatest importance—that of standard wave-lengths—will be 
fully treated by Professor Crew, and therefore need not be discussed 
by me. In my opinion, if I may be permitted to express it, the dis- 
cussion of this and other similar subjects at the present conference 


should be regarded as preliminary, subject to further consideration 
by the various committees before final action is taken. 

Two fundamentally different views are entertained among astrono- 
mers regarding the desirability of inaugurating schemes of co-operation 
in research. On the one hand, there are those who strongly favor 
co-operative undertakings, on the ground that through the intelligent 
distribution of work, which such a scheme assumes, large investiga- 
tions can be carried out with the minimum experditure of time and 
effort. Many who hold this view frankly assume that the participants 
in a co-operative undertaking are to perform their respective parts 
like so many machines, following a hard-and-fast program from 
which no deviation can be permitted. This system involves the 
existence of a central bureau which exercises control over all of the 
work and, in some cases, carries out the extensive reductions incidental 
to the research. This view is opposed by a large number of investi- 
gators, who think that the future of science depends in far greater 
degree upon the development of new ideas and the encouragement of 
individual genius than upon the accomplishment of any piece of 
work, no matter how extensive it may be. They urge, and with 
strong reason, that those who engage in a co-operative undertaking, 
the lines of which have been sharply defined in advance, leaving no 
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option to individual participants, must inevitably suffer, in so far as 
their originality of thought is concerned. Thus, while admitting 
that important results, perhaps not otherwise obtainable, can be 
secured by co-operation among individuals and institutions, they 
maintain that the loss will be greater than the gain in case the effect 
of the domination of some central authority is such as to stifle indi- 
vidual effort and prevent the development of new ideas and methods. 

During the last few years these two phases of the subject have 
received much discussion in connection with many co-operative 
undertakings in science, variously organized and developed, and 
playing an increasingly important part in modern research. In spite 
of objections urged by some of the ablest investigators, these co-opera- 
tive undertakings are actually being carried out; some with marked 
success, and others with less promise as to their future outcome. It 
must not be forgotten that in different departments of science the 
nature of the work varies so greatly as to make the question of 
co-operation apply in very different ways in different cases. In 
meteorology, for example, it is obviously essential that a great number 
of institutions should make routine observations at appointed hours 
and upon a carefully arranged plan, in order that the results may be 
suitable for systematic reduction and study. The same may be said 
of many other classes of work, particularly those which involve 
routine observations of secular phenomena. But it will be recog- 
nized that even in such a case there is nothing to preclude the devel- 
opment of new ideas and methods by those who are taking part in 
such a co-operative investigation. The danger, if any danger exists, is 
that the individual observers may be allowed to believe that the 
instruments and methods they are called upon to employ represent 
the highest possible development, and that any deviation from the 
scheme must stand in the way of the results it is desired to attain. 

In the history of science, instances are not lacking of co-operative 
undertakings which have dealt injury to participants. Instead of 
encouraging the development of new ideas, they have allowed the 
entire stress to be laid upon the accomplishment of given pieces of 


work according to a strict routine, and, either directly or indirectly, 
they have certainly discouraged individual effort, and thereby hin- 
dered progress. It is with a full appreciation of this fact that I 


| 
| 
a 
a 
| 
| = 
3 


310 GEORGE E. HALE 


approach the subject of co-operation in solar research. While I 
believe unquestionably that a science like our own cannot accomplish 
the most important advances without the collection of extensive data, 
beyond the reach of any individual or institution, I nevertheless feel 
that the future of the science depends in a much higher degree upon 
the encouragement of individual initiative. In suggesting, with 
others, the desirability of adopting some general program of solar 
research, in which the observers and instruments in various parts of 
the world may find a part, I do so only on the supposition that such 
a movement need involve no discouragement of individual effort. 
Indeed, I would say more than this. I am not in favor of entering 
upon a co-operative undertaking unless it can be so planned as actually 
to encourage individual effort through the provision of conditions 
which would otherwise be lacking. Specifically, I believe that one of 
the principal objects of establishing committees on solar research 
should be the encouragement of little-known investigators to bring 
forward and develop ideas that may have originated with them. It 
may frequently happen that the special atmospheric or instrumental 
conditions required in the accomplishment of a new piece of work 
may be readily available at some existing observatory, where they 
could be placed at the disposal of an investigator who might employ 
them in the realization of his ideas. Through the work of the various 
national committees, such cases would easily become known, and, in 
many instances, important new ideas might thus be advanced which 
would otherwise remain unknown. 

At the very outset of the present undertaking, therefore, I would 
propose that the encouragement of individual ideas be regarded 
as one of the most important functions of any organization we 
may establish. But, while attaching so much weight to this phase 
of the subject, I see no incompatibility between the encourage- 
ment of original ideas and the accomplishment of certain pieces 
of work which can best be done through co-operation. For example, 
let us take the observation of the spectra of Sun-spots. No one who 
has observed the spectrum of a Sun-spot and attempted, map in 
hand, to identify and record all of the widened lines, is likely to be 
so ambitious as to desire to include the entire length of the spectrum 
in his program of daily observations. To secure adequate knowledge 
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of Sun-spot spectra, it seems to me essential that practically all of 
the lines affected in the spots should be recorded. Those who share 
this view would undoubtedly be content to confine their attention 
to certain limited regions of the spectrum. At the time of the Sun- 
spot maximum, when many spots must be observed, it is obvious that 
the extent of the spectrum covered by one observer should not be too 
great. Furthermore, on account of interruptions from bad weather 
and the desirability of securing a check on the observations, it is 
equally obvious that the same region of the spectrum should be 
observed regularly at more than one institution. Thus our knowl- 
edge of the spectra of Sun-spots would undoubtedly be materially 
increased if an understanding were reached as to the division of the 
spectrum among different investigators. From my knowledge of the 
work of this kind now in progress, or contemplated, I would antici- 
pate no difficulty in securing such a division of labor. I can see no 
reason why a mutual understanding on this subject could be other- 
wise than advantageous to all who are interested in solar research. 

In this reference to an important department of solar physics, 
which has been sadly neglected up to the present time, I have pur- 
posely confined my remarks to pure routine observations, such as 
are involved in the recording of the widened lines. But in this same 
field of research there is almost unlimited opportunity for individual 
investigations, many of which might involve the application of new 
and original idéas upon the part of those who pursue them. Hitherto, 
strangely enough, little or no attention has been given to the quanti- 
tative side of this subject, and few records of the carefully measured 
positions of widened lines can be found in the literature of astro- 
physics. Thus we have no knowledge of any such displacement of 
lines as may be produced by pressure or by the bodily motion in the 
line of sight of the gas which gives them rise. Line-distortions, it 
is true, have sometimes been measured; but my present reference is 
to the less violent motions which may possibly affect the entire mass 
of gas within the Sun-spot. There is large opportunity, also, for 
observations of the fine lines into which Young resolved the spot- 
band, as well as the interesting reversals so recently recorded by Mr. 
Mitchell, working under Professor Young’s direction at Princeton. 
What I have said relates simply to visual observations, which must 
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continue to play a very important part in the study of spot-spectra. 
There is a great opportunity, however, for the development of photo- 
graphic methods in this connection, and here, again, there will be 
abundant opportunity for the individual explorer. 

This single instance will serve at once to illustrate the desirability 
of co-operation in solar work and the possibility of securing a system 
of co-operation which will accomplish the desired purpose and yet 
leave the individual free to initiate new classes of work. Numerous 
similar instances might equally well be mentioned. In all cases the 
development of the method by those who take part in the work should 
be encouraged in every possible way. 

I have dealt at such length with this question because it is so fre- 
quently assumed that co-operative work must injure the individual 
observer. I believe, on the contrary, that a system can be devised 
which, through co-operative effort, will result in an increase in the 
number of original suggestions and a more rapid improvement of 
observational methods. 
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REMARKS ON STANDARD WAVE-LENGTHS.* 
By HENRY CREw. 

It is a matter of no little interest that the man who laid the founda- 
tions of mathematical astronomy and devised the corpuscular theory 
should also have been the first to give us an absolute measure of the 
wave-length of light. _Newton’s values, published in 1704, remained 
unsurpassed for more than a century. 

In 1815, Fraunhofer employed his newly invented gratings to 
determine some of the principal solar lines; these remained standard 
for nearly half a century. 

Kirchhoff in 1862 gave us his beautiful prismatic map of the solar 
spectrum, a model of precision and care. ’ 

The first normal map of the solar spectrum was published by Ang- 
strém in 1868. It was based upon his own determinations of absolute 
wave-length and was printed on a scale such that one millimeter on 
the map indicates a difference of one tenth-meter in wave-length. 
For twenty years this work stood in the front rank. But in the later 
eighties there began to appear measurements of both solar and 
metallic spectra which introduced an order of accuracy hitherto 
undreamed of. Thalén, in 1884, pointed out the numerous sources 
of error in Angstrém’s map and measures. 

But the year 1888 marks the beginning of a new era. For it was 
at this date that Rowland put out the final edition of his superb 
photographic map of the solar spectrum, and it was in the same year 
that Kayser and Runge gave us their exquisite rendering of the spec- 
trum of the iron arc, both of these maps being based upon the abso- 
lute wave-length of the D lines, which Bell had just completed with 
extraordinary care by the grating method. A short list of solar 
standards was published by Rowland at the same time. 

I remember very distinctly the general feeling in the spectroscopic 
circle which I then knew that, with the publication of Rowland’s 
map, accompanied by his relative wave-lengths, and Bell’s absolute 

t Introductory remarks on opening the discussion on this topic at the solar con- 
ference. 
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value, we were at last on solid ground where a stand of many years 
might be made. 

On the contrary, in 1893, Michelson had—by a method as yet 
unimpeached—already translated the standard meter into terms of 
the red cadmium ray, and had incidentally proved that Bell’s value of 


the absolute wave-length was too large by something like two-tenths 
of an Angstrém unit. 

Since then Michelson’s values have been confirmed as perfectly 
as possible—at least, without the introduction of a totally different 
method—by Fabry and Pérot, and Hamy. 

In this same year, 1893, appeared Rowland’s ‘‘New Table of 
Standard Wave-lengths,” including both metallic and solar lines, upon 
which Hasselberg has based his highly accurate series of metallic 
arc spectra, starting with chromium in 1894. 

In 1895 Rowland began, with the first number of the Astro- 
PHYSICAL JOURNAL, the publication of what he modestly called a 
“Preliminary Table of Solar Spectrum Wave-Lengths,”’ 
as he says, ‘‘to add to it and correct it for a term of years until I can 
publish a standard list of the lines of the solar spectrum with all the 
” From the very beginning the wide 


expecting, 


elements to which they belong. 
divergence between this table and the more probably correct absolute 
values of Michelson was admitted. The relative values of the table 
appeared for the time being almost beyond criticism. 

In 1896 Jewell’ published his observations on the want of exact 
coincidence between solar and corresponding metallic lines, showing 
not only that the solar lines are displaced in general toward the red 
but that the different lines of any one element are differently dis- 
placed. The effect of this was, using Mr. Jewell’s own words, “to 
make the lines of the solar spectrum step down from the commanding 
position which they have occupied as standards of reference.” 

For the next four years matters remained about as Jewell’s paper 
left them. 

In 1900, however, Kayser discovered certain inconsistencies in 
Rowland’s 1893 table, that is, the “‘ New Table of Standard Wave- 
lengths.”’ He found also that the distribution of iron lines in this 
table was such as to render it quite inadequate for purposes of accurate 


t ASTROPHYSICAL JOURNAL, 3, 89, 1896. 
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interpolation. To use Kayser’s own words concerning a certain 
group of Rowland’s iron standards: “My correction curves depend- 
ing upon these lines always showed a quite impossible bend at A 3400, 
so that I was finally compelled to omit these standards.” These 
“impossible bends” in Kayser’s curves refer to differences as great as 
0.02 tenth-meter. Kayser at the same time published a fuller and 
revised list of iron standards, extending from A 2327 to A 4495, the 
relative values of which are based upon Rowland’s metallic standards 
and are claimed to have a mean relative error not exceeding 0.003 
tenth-meter. In other words, the accidental errors are much less 
than those of Rowland’s ‘‘ New Table of (Metallic) Standards.” 

The state of affairs at the time of Rowland’s death (spring of 1901) 
may perhaps be described by saying that three shadows had fallen 
across the superb work embodied in his “Preliminary Table;” 
namely, (1) the wide divergence from the correct absolute values, 
shown by Michelson; (2) the uncertainty attaching to solar lines, 
shown by Jewell; and (3) certain inconsistencies in relative values, 
shown by Kayser. I feel, however, that the figure is misleading; and 
with your permission I will change it and say that the subject had 
received illumination from three new sources. 

In the year 1902 additional illumination was added from another 
brilliant source. I refer to the absolute determination of thirty-three 
solar lines and fourteen iron lines by Pérot and Fabry, using the 
method of interference. These measures carried with them two 
important results; namely, (1) they proved that the relative values of 
the “Preliminary Table” were accurate, over small ranges, to one 
part in a million; in other words, the curve of errors in this table is a 
‘smooth one;” (2) they proved that the relative values in this table 
deviate in each direction from the mean axis by as much as 0.02 
tenth-meter, that is, by four parts ina million. In short, they proved 
that the absolute errors in the “Preliminary Table” extend to the 
first decimal place, the relative errors over any considerable range 
extend to the second decimal place, while neighboring lines are 
affected with relative errors only in the third decimal place. The 
serious consequences of this discovery are realized only when we recall 
that for seventeen years past all the spectroscopic work of the world 


t ASTROPHYSICAL JOURNAL, 13, 331, I9OT. 
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has been based upon this system which the two French physicists 
have shown to be affected with large systematic errors. In line-of- 
sight work, where 0.o1 tenth-meter means 0.7 km per second, the 
importance of these errors is enormous. 

The upshot of the whole matter is that Rowland’s relative values 
are too small from about the F line to the middle of the green, while 
from the middle of the green to the D lines his values are too large 
by about the same amount, namely, an error ranging up to 0.02 
Angstrom unit. 

The year 1902 thus brings us to the -end of what may be called 
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indisptitable ground, which may be summarized by saying that 
Rowland’s system, possessing these various defects, is still an instru- 
‘ment of great value, though less perfect than we formerly thought. 
Just how these errors have crept into the system is a matter of no 
little importance; indeed, it is a matter of very great importance, if 
we are to avoid similar errors in the future; at the same time, this is 
not the principal subject under discussion by this conference. Hart- 
mann has set forth" in a clear way the various sources of systematic 
and accidental errors in Rowland’s tables. Michelson has predicted, 
and Kayser has verified, the fact that for gratings in general, the 
method of coincidences is not reliable even for relative values, except 
within limits which are much larger than was formerly believed. 
But the main question before us is not how the imperfections of the 
system arose; it is rather how the system may be perfected, with a 
minimum expenditure of time and energy, so as to answer the pur- 

Revision of Rowland’s System of Wave-Lengths,’”’ JouR- 
NAL, 18, 167-190, October 1903. Reprints of this article were sent by Professor 


Hartmann for distribution among those participating at the solar conference, as con- 
taining the expression of his views on the subject. 
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poses of modern spectroscopy. Various suggestions looking toward 
this result have recently appeared. These would perhaps naturally 
form the subject of our discussion. So far as | am aware, the prin- 
cipal alternatives may be summarized as follows in terms of the 
accompanying correction curve, which Fabry and Pérot published 
in the ASTROPHYSICAL JOURNAL, 15, 272, 1902: 

1. Correct to the axis of A as rapidly as determinations of the 
grade of those by Michelson, and Pérot and Fabry will allow. 

2. Reduce to a line drawn parallel to the axis of % at such a dis- 
tance that the sum of Rowland’s errors will be zero. 

3. Reduce to a straight line intersecting the axis of % at such an 
angle as to make the sum of the squares of Rowland’s errors a 
minimum. 

These alternatives leave untouched the question of extending the 
corrections to the ultra-violet region. 


ti 
| 
\ 
| : 
| 
| 
3 
ry - 


RAPPORT SUR LA NECESSITE D’ETABLIR UN NOUVEAU 
SYSTEME DE LONGUEURS D’ONDE ETALONS.' 
Par A. PEROT et CH. FABRY. 

LA Soct&TE FRANCAISE DE PHYSIQUE, comme suite & la com- 
munication de la National Academy, a nommé une commission 
chargée d’étudier la question de l’établissement d’une échelle de 
longueurs d’onde. C’est sur l’invitation de cette commission que 
nous avons préparé le présent rapport pour le Congrés International 
de Physique de l’Exposition de Saint Louis. 

Nous avons, dans les lignes suivantes, cherché & exposer le plus 
clairement possible la nécessité de l’établissement d’une échelle de 
longueurs d’onde, & montrer que le spectre solaire devait étre aban- 
donné comme étalon, et a définir l’unité absolue. 

La mesure des longueurs d’onde, outre qu’elle est nécessaire aux 
chimistes pour charactériser les corps par leur spectre d’émission, 
offre des moyens uniques d’investigation, aux physiciens en particulier 
pour l'étude de |’émission lumineuse et de la constitution des radia- 
tions, aux astronomes pour la mesure des vitesses radiales des astres 
et la recherche des phénoménes qui se passent & la surface de notre 
soleil, mais, pour que ces études aient une base certaine, il faut que 
les longueurs d’onde soient mesurées avec toute la précision voulue, 
et il est intéressant au point de vue international d’adopter une unité 
définie qui, une fois choisie, ne devra plus varier. 

Dans les recherches spectroscopiques, on est amené généralement 
a faire des mesures relatives, c’est-4-dire & comparer la longueur 
d’onde de la radiation étudiée a celle d’une radiation connue; s’il est 
possible avec certaines méthodes, telle la méthode interférentielle, 
de comparer directement sans aucun intermédiaire les longueurs 
d’onde de deux radiations quelconques, la méthode employée d’une 
maniere courante, qu’elle repose soit sur l’emploi de prismes, soit sur 
celui de réseaux, ne permet que la détermination du rapport des 
longueurs d’onde de raies relativement voisines. I] résulte de la 
que la détermination d’une seule longueur d’onde serait insuffisante 


« Présenté au nom de la Société Francaise de Physique. 
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pour les applications, et qu’il faut, si l’on veut faire ceuvre utile, 
mettre entre les mains des spectroscopistes les valeurs d’une série 
de longueurs d’onde convenablement choisies, déterminées par des 
méthodes instituées spécialement & cet effet avec toute la précision 
requise. Il en est de méme dans d’autres travaux, tels par exemple 
que le nivellement du sol: loin de rapporter l’altitude d’une station 
quelconque directement au niveau de la mer, on relie usuellement 
altitude de cette station a celle d’une autre station déja connue qui 
sert de base auxiliaire. On voit donc que, s’il est indispensable de 
déterminer les sources étalons de maniére que les radiations émises 
puissent toujours étre produites identiques 4 elles-mémes, il est 
nécessaire également de fixer les valeurs des longueurs d’onde d’un 
nombre suffisant de points de repere convenablement choisis. 

L’établissement d’un exact systeme de longueurs d’onde est d’une 
importance capitale, puisque toute erreur sur ces longueurs d’onde 
fondamentales se reportera dans toutes les mesures spectroscopiques. 
Il serait désirable que les erreurs contenues dans le systeme fonda- 
mental fussent inférieures ou au plus égales aux erreurs accidentelles 
qui peuvent résulter des mesures par comparaison. Or il est & peu 
prés certain qu’il n’en est pas actuellement ainsi: les mesures par 
comparaison peuvent étre faites, avec les puissants appareils dispersifs 
dont on dispose actuellement, avec une précision qui dépasse le 
millioniéme; telle serait la précision des mesures si les valeurs des 
longueurs d’onde des raies de comparaison avaient la méme précision: 
or celle de l’échelle adoptée est beaucoup moindre; aussi, M. Kayser 
pouvait-il récemment émettre l’opinion qu’une grande partie des 
désaccords entre les mesures faites par divers observateurs sur une 
méme raie provenait de l’emploi de valeurs incorrectes pour les 
longueurs d’onde des raies de comparaison.' 

Depuis les admirables travaux de Rowland, c’est-a-dire depuis 
environ 15 ans, tous les travaux de spectroscopie ont été faits en 
prenant comme point de départ les nombres donnés par ce savant. 
On pouvait cependant déja prévoir une difficulté dans l’application 

1H. KAysSER, ASTROPHYSICAL JOURNAL, 19, 158, 1904: “With a correct system 
of standards we could now determine the wave-lengths of all the sharp lines—and 99 
per cent. of all the lines can be got sharp—with an accuracy of a few thousandths of 
an Angstrém unit. I am sure that the much larger differences found by different 
_ observers are caused very often by the use of different, relatively incorrect, standards.” 
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de ce systeme de longueurs d’onde: les mesures de Rowland ont été 
faites sur le spectre solaire, il faudrait donc, pour opérer d’une manieére 
correcte, prendre le spectre solaire comme spectre de comparaison, 
c’est ce que peut-étre, aucun observateur n’a fait; on s’est servi de 
spectres de métaux, en admettant que les longueurs d’onde sont les 
mémes que dans le spectre solaire; or l’exactitude de ce postulat est 
de plus en plus improbable. I] est vrai que certaines raies métalliques, 
produites par l’arc électrique ont été spécialement mesurées par 
Rowland, mais ces mesures ne méritent pas la méme confiance que 
celles des raies du spectre solaire; Rowland était convaincu de liden- 
tité absolue des longueurs d’onde dans le spectre solaire et dans 
celui de l’are électrique, et lorsque des écarts se manifestaient entre 
les deux espéces de spectres, il les attribuait & un déplacement de la 
plaque photographique ou & un défaut de réglage des faisceaux, et 
il cherchait par des corrections convenables & faire disparaitre les 
écarts dans les résultats.‘ En employant les nombres de Rowland 
pour des raies de métaux dans l’are électrique, on emploie donc ou 
bien des nombres obtenus en mesurant autre chose que ce que l’on 
emploie, ou bien des nombres un peu incertains; il faudrait se résoudre, 
si l’on voulait profiter le mieux possible des travaux de Rowland, a 
employer uniquement le spectre solaire comme spectre de comparaison. 

Mais les valeurs données par Rowland pour les longueurs d’onde 
du spectre solaire sont-elles du moins parfaitement correctes ? L’auteur 
pensait qu’elles étaient exactes au millioniéme environ. La meilleure 
vérification consistait & reprendre les mesures d’un certain nombre 
de raies du spectre solaire lui-méme, par une méthode aussi différente 
que possible de celle de Rowland, et autant que possible plus directe. 
C’est ce que nous avons fait? en comparant directement, par une 


t ROWLAND, Physical Papers, p. 564: “In every plate having a solar and metallic 
spectrum upon it there is often—indeed always—a slight displacement. This is due 
either to some slight displacement of the apparatus in changing from one spectrum to 
the other, or to the fact that the solar and the electric light pass through the slit and 
fall on the grating differently. In all cases an attempt was made to eliminate it by 
exposing on the solar spectrum, both before and after the arc, but there still remained 
a displacement of 1/100 to 2/100 division of Angstrém, which was determined and 
corrected for by measuring the difference between the metallic and coinciding solar 
lines, selecting a great number of them, if possible.” 

Voir aussi: L. E. JEwELL, ASTROPHYSICAL JOURNAL, 3, 89, 1896. 


2CuH. Fasry et A. Pérot, “Mesures de longueurs d’onde en valeur” absolue; 
spectre solaire et spectre du fer,” Annales de Chimie et de Physique, Janvier 1902; et 
ASTROPHYSICAL JOURNAL, 15, 73, 261, 1902. 
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méthode interférentielle, un certain nombre de raies du spectre solaire 
avec une méme raie du cadmium. Nos mesures ont porté sur la 
partie du spectre comprise entre les longueurs d’onde 464 et 647. 

La comparaison de nos résultats avec ceux de Rowland conduit aux 
résultats suivants: 

1. Il n’existe pas, dans les tables de Rowland, d’erreurs acci- 
dentelles atteignant le millioni¢me; il est méme probable qu’au point 
de vue des erreurs accidentelles, les nombres de Rowland sont au 
moins aussi précis que les nétres. Si l’on prend dans les tables de 
Rowland deux radiations trés voisines, les rapports des nombres 
donnés pour les longueurs d’onde sont toujours parfaitement exacts. 

2. Il existe dans les mémes tables des erreurs systématiques 
notables (atteignant presque le cent-milliéme); ces erreurs varient 
dune fagon réguliére en fonction de la longueur d’onde. Si donc on 
prend dans la table de Rowland les longueurs d’onde de deux radiations 
situées d’une manitre quelconque, le rapport des deux nombres peut 
étre erroné presque de 1 cent-milli¢me, c’est-a-dire d’une quantité 
dix fois plus grande que les erreurs que l’on peut commettre dans les 
mesures de comparaison. 

L’exactitude de nos résultats a donné lieu au début, & quelques 
contestations, elle semble aujourd’hui généralement admise.*| On 
ne voit d’ailleurs pas comment des erreurs systématiques, fonctions 
de la longueur d’onde, auraient pu s’introduire dans nos mesures. 

Il y aurait donc lieu de reprendre Jes mesures de Rowland. Les 
erreurs n’étant que systématiques, et régulitrement variables avec 
la longueur d’onde, on pourrait se proposer de construire une table 

t Voir a ce sujet: 

Louts Bett, “On the Discrepancy between Grating and Interference Measure- 
ments,’’ ASTROPHYSICAL JOURNAL, 15, 157, 1902. 

A. Péror AND CH. FABry, “A Reply to the Recent Article by Louis Bell,’’ ibia., 
16, 36, 1902. 

Louts BE.L, ‘The Perot-Fabry Corrections of Rowland’s Wave-Lengths,”’ ibia., 
18, TOT, 1903. 

FaBRy ET PérRot, “On the Corrections to Rowland’s Wave-Lengths,” ibid., 19, 
IIQ, 1904. 

G. EBERHARD, “Systematic Errors in the Wave-Lengths of the Lines of Row- 
land’s Solar Spectrum,” 7bid., 1'7, 141, 1903. 

J. Hartmann, “A Revision of Rowland’s System of Wave-Lengths,” ibid., 18, 
1607, 1903. 

H. Kayser, “On Standards of Wave-Lengths,” ibid., 19, 157, 1904. 
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de correction, analogue 4 celle que nous avons donnée, mais plus 
étendue, de maniére & profiter complétement du travail de Rowland; 
mais il ne faudra pas, dans ce cas, perdre de vue que les nombres de 
Rowland ne s’appliquent qu’au spectre solaire, et si l'on veut avoir 
les longueurs d’onde de raies métalliques, il faudra les comparer 
directement et sans idée précongue aux raies solaires. On peut se 
demander s’il ne serait pas plus sir, et presque aussi simple, de 
reprendre complétement le travail de la détermination des étalons. 
Nous allons donc envisager les diverses solutions possibles, en sup- 
posant le travail repris par la base. 

Choix des radiations—La premiere question 4 résoudre parait 
étre celle-ci: Convient-il, pour définir l’échelle des longueurs d’onde, 
d’adopter des radiations empruntées au spectre solaire, ou des radia- 
tions d’origine artificielle ? 

C’est la premiére de ces solutions que l’on a adoptée au début de 
la spectroscopie (Angstrém), et que Rowland a conservée. II est 
certain que l’emploi du spectre solaire a l’avantage de dispenser 
l’observateur de tout soin & donner aux sources de lumiére, et que le 
nombre immense des raies de son spectre offre dans certains cas des 
avantages; ce grand nombre de raies était & peu prés nécessaire pour 
l’emploi de la méthode des coincidences de Rowland. Mais l’emploi 
de ce spectre offre des inconvénients qui contrebalancent, et bien 
au dela, ces avantages: en dehors des altérations régulitres de longueur 
d’onde, produites par la rotation du soleil et par les mouvements 
relatifs réguliers de la terre et du soleil, altérations dont on tient 
facilement compte, la chromosphere solaire est le sitge de mouvements 
violents; d’autres causes mal connues peuvent agir, et l’on a des 
exemples de changements, momentanés il est vrai, mais extrémement 
importants de ce spectre.’ Si les nouvelles théories solaires de M. 
Julius? se confirmaient, de petites variations de longueurs d’onde 

t THOLLON, Annales de l’Observatoire de Nice; HALE, ASTROPHYSICAL JOURNAL, 
16, 220, 1902. 


2 W. H. Juttus, “Solar Phenomena, Considered in Connection with Anomalous 
Dispersion of Light,” ASTROPHYSICAL JOURNAL, 12, 185, 1900. 

“Peculiarities and Changes of Fraunhofer Lines Interpreted as Consequences of 
Anomalous Dispersion of Sunlight in the Corona,” ibid., 18, 50, 1903. 

“Les théories solaires et la dispersion anomale,” Revue générale des Sciences, 15, 


480, 1904. 
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des raies solaires n’auraient plus rien de surprenant. En outre 
comme nous l’avons fait déj&a remarquer, le spectre solaire n’est 
jamais employé comme spectre de comparaison, pas plus par les 
astronomes que par les physiciens; on se sert toujours de radiations 
artificielles, qui ne peuvent étre que des étalons secondaires si le 
spectre solaire est pris comme spectre fondamental. L’emploi de 
raies sombres pour la définition d’une longueur d’onde est peut-étre 
moins simple et moins avantageux que l’emploi de raies brillantes. 
Enfin, la mesure de la longueur d’onde d’une raie sombre par les 
méthodes interférenticlles, qui seront sans doute employées dorénavant 
pour les mesures fondamentales, est beaucoup moins facile et un peu 
moins précise que la mesure d’une raie brillante. 

Si l’on se décide & abandonner le spectre solaire pour l’établisse- 
ment de l’échelle fondamentale des longueurs d’onde, on est forcément 
amené a prendre des sources de lumiére artificielles donnant des raies 
brillantes (gaz rendu lumineux par des procédés convenables). 

Les radiations choisies doivent satisfaire aux deux conditions 
fondamentales suivantes: 

1. Il faut se mettre & l’abri de toute variation possible de la 
longueur d’onde, et pour cela définir exactement toutes les circon- 
stances qui définissent l’état du gaz et la maniére dont il est rendu 
lumineux. Cela exige certainement, quelques précautions, et sur 
certains points de nouvelles études sont désirables; mais on peut 
affirmer dés maintenant qu’il est possible d’avoir une constance 
absolue de certaines longueurs d’onde. En tout cas l’emploi de 
sources artificielles présente sur l'emploi de la lumiére solaire cet 
avantage immense que l’on peut expérimenter sur elles, tandis que 
sur la lumiére solaire, on ne peut qu’observer. 

2. Il faut que les raies brillantes employées comme étalons soient 
suffisamment fines, de maniére 4 définir une longueur d’onde bien 
déterminée. Il faudra éviter de se servir de raies accompagnées de 
satellites, & moins qu’ils ne soient trés faibles, de telle sorte que la 
longueur moyenne ne différe pas de celle de la composante principale, 
ou qu’ils ne soient suffisamment écartés pour que l’on puisse employer 
lune des composantes bien déterminée. 

On peut des a présent affirmir que les spectres de certains métaux 
dans l’arc électrique donneront un grand nombre de raies satisfaisant 


a toutes les conditions requises. 
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Les étalons primaires ainsi choisis pourraient ne pas étre extréme- 
ment nombreux; quelques dizaines dans le spectre visible et ultra- 
violet suffiraient probablement; il serait facile de leur rapporter par 
interpolation toutes les autres raies que l’on jugerait commode 
d’employer comme étalons secondaires. Quant au spectre solaire, 
son étude rentrerait dans le domaine de l’astronomie physique, comme 
un moyen extrémement puissant pour |’étude des phénomeénes solaires. 

Quant a4 la question de détermination de la longueur d’onde de 
ces radiations étalons, elle semble a priori pouvoir étre faite suivant 
une unité de longueur arbitraire; on pourrait songer & prendre par 
exemple la longueur d’onde de la raie rouge du cadmium égale 4 
Vunité; le nombre caractérisant une longuer d’onde serait alors le 
rapport de cette longueur d’onde 4 la longueur d’onde du cadmium, 
mais il semble bien préférable d’adopter une unité rattachée directe- 
ment au systeme métrique; les comparaisons des longueurs d’onde 
entre elles comportant, semble-t-il, des erreurs du méme ordre que 
celles qui ont pu étre commises dans la mesure de la longueur d’onde 
de la raie rouge du cadmium faite par MM. Michelson et Benoit; 
ces derniéres erreurs, si elles existent, n’apparaitraient pas; la mesure 
en valeur absolue d’une seule longueur d’onde suffit d’ailleurs puisque 
Yon peut, sans difficulté, par la méthode interférentielle, comparer la 
longueur d’onde d’une radiation quelconque a celle de la radiation 
choisie comme étalon primaire. C’est, du reste, ce que nous avons 
fait dans tous nos travaux sur ce sujet, et une longue pratique nous a 
montré que l’emploi des raies du cadmium ne présente pas de diffi- 
cultés, et définit une longueur d’onde avec une précision qu’il sera 
bien facile de dépasser. Nous avons déja donné les longueurs d’onde 
d’un certain nombre de raies du fer comparées de cette maniére a la raie 
fondamentale du cadmium.' ‘Tout récemment M. Kayser a préconisé 
la méme solution, et a annoncé que des mesures de ce genre étaient 
en cours dans son laboratoire.? 

M. Hartmann a proposé récemment’ de choisir une unité de 
longueur telle que les nombres de Rowland soient le moins possible 
altérés; en d’autres termes, les rapports entre les nombres de Rowland 

t Ann. de Chim. et de Phys., Janvier 1902, et ASTROPHYSICAL JOURNAL, 15, 73, 
261, 1902. 


2 [bid., 19, 157, 1904. 3 [bid., 18, 167, 1903. 
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n’étant pas exacts, on ne peut dire qu’ils soient rapportés & une unité 
définie quelconque, mais on peut chercher une sorte d’unité moyenne, 
telle que ces nombres soient altérés le moins possible; M. Hartmann a 
calculé une table de correction, simple transformation numérique de 
la n6tre, qui est basée sur cette condition. II] est évident que si, 
comme nous le proposons, on se décidait & reconstruire de toutes 
pieces une nouvelle échelle de longueurs d’onde, cette solution n’aurait 
aucune raison d’étre. D ailleurs pour que l’énorme travail de Row- 
land ne soit pas perdu (on sait que la preliminary table contient 
environ 20,000 raies), il suffirait de comparer par interpolation quel- 
ques raies solaires avec les étalons fondamentaux, et de construire 
une table de corrections plus étendue et peut-étre plus exacte que 
celle que nous avons donnée. 

Influence de l'air.—Les longueurs d’onde doivent étre définies par 
leurs valeurs dans l’air. Les valeurs absolues étant trés notablement 
affectées par les variations de température et de pression, il convient, 
comme l’ont fait MM. Michelson et Benoit, de définir soigneusement 
ces conditions pour les mesures absolues; mais les rapports des 
longueurs d’onde sont trés peu affectés par les variations atmosphé- 
riques, & cause de la faible dispersion de lair. Cependant, dans des 
conditions extrémes de température et de pression, et pour les extré- 
mités du spectre, les variations des rapports des longueurs d’onde 
peuvent porter sur les millionitmes. Il y a donc lieu dans la définition 
de V’échelle des longueurs d’onde de dire & quelle température et a 
quelle pression elle a été établie, mais une définition assez grossitre 
de ces conditions suffit. Dans les mesures par interpolation, il n’y a 
jamais & tenir compte des conditions atmosphériques. 

La solution qui s’impose consiste donc & adopter comme étalon 
fondamental une raie du cadmium sous certaines conditions de 
température et de pression, produite dans des conditions rigoureuse- 
ment déterminées, connue en valeur absolue, grace aux mesures de 
MM. Micheison et Benoit. 

Les conclusions du présent rapport sont donc: 

I. Il y a lieu d’établir une échelle nouvelle de longueurs d’onde 
étalons. 

II. Ces longueurs d’onde seront celles de radiations dues 4 des 
sources artificielles, parfaitement définies, et susceptibles d’étre 


reproduites toujours les mémes. 
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III. Elles seront mesurées par des expériences spéciales faites 
par différents expérimentateurs relativement & la radiation rouge du 
cadmium, produite par le passage d’un courant alternatif ou d’une 
décharge de bobine dans un tube de Michelson a électrodes d’alumi- 
nium dont le tube capillaire a 1 cm de longueur et 2 mm de diamétre. 

IV. Provisoirement, et jusqu’aprés de nouvelles expériences, la 
longueur d’onde de la raie rouge du cadmium ainsi définie sera 
considérée comme égale & 6438.4722, dans l’air & 15° sous la pression 
de 760mm de mercure. 

V. Parallélement & ce travail, on déterminera une courbe de 
corrections relatives aux mesures de Rowland. 

LABORATOIRE D’EssaI 
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NEW STANDARDS OF WAVE-LENGTH. 
By H. KAYSER. 

For many years spectroscopists had to be content with the deter- 
minations made by Angstrém for the visible part, and extended later 
by Cornu to the ultra-violet part as far as A 3000. For the wave- 
lengths to A 2200 Liveing and Dewar and Hartley gave the first meas- 
urements. At that time errors between 1 and 5 Angstrém units were 
not infrequent, 7. e., wave-lengths could be determined to only about 
one one-thousandth of their value. An immense advance was made 
by Rowland. He no longer tried to determine absolutely the wave- 


lengths of a great number of lines by the grating, but, applying the 


much more accurate method of coincidences, found the values of 
some hundred lines between AA 2000 and 7600, relative to a value of 
the D lines taken somewhat at random from the absolute measure- 
ments by Bell, Kurlbaum, Miiller and Kempf, Peirce. The method 
of coincidence, as is well known, is founded on the theory of the 
concave grating, by which at the same point a line of wave-length 


r in the first order, of — in the second order, of 2 in the third, and 
2 3 


so on, is brought to focus. 

Rowland expressed the opinion that none of his standards could 
deviate by a hundredth of an Angstrém unit from the correct value, 
and this seemed probable when one considered the first-rate instru- 
ments used by Rowland, and the eminent ability of Rowland and his 
assistant Jewell for such work. 

This faith received the first shock when Michelson by his beautiful 
interferometer method determined at Paris, in collaboration with 
Benoit, the absolute values of three Cd lines. Not only the absolute 
values were greatly different from Rowland’s, but the relative values 
also showed discrepancies amounting to more than 0.03 Angstrém 
units. Rowland’s system received a much severer blow, when Pro- 
fessors Pérot and Fabry by another kind of interferometer measured 
many solar and iron lines in the visible spectrum and showed that 
Rowland’s system contained values alternately too high and too low. 
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It is now quite certain that Rowland overestimated the correctness 
of his measurements, and that in using his numbers as standards we 
never can be sure of obtaining relatively exact numbers within o.o1 
unit. Besides these fluctuating errors pointed out by Pérot and Fabry, 
many of Rowland’s lines have individual errors amounting to 1 or 2 
hundredths, as anyone may see by using different standards for the 
determination of the same line. Some years ago I tried to give a 
table of iron standards free from these individual errors, but of 
course. my table, being based on Rowland’s, is subject to nearly the 
same fluctuations of values. 

For the, in practice, more important ultra-violet part of Rowland’s 
system we have no evidence whatever of correctness or incorrectness; 
but it is highly probable that it will contain errors of the same kind as 
the visible part. 

If one tries to determine the wave-length of a sharp line—and 
nearly 99 per cent. of all spectrum lines can be obtained sharp—by 
interpolation between neighboring standards, he will find it not 
difficult by using a good concave grating and a good measuring 
engine to get with a single measurement the value within five thous- 
andths of a unit, if he uses the same standards; but using others he 
may get differences of one or two hundredths. So it appears that 
the uncertainty of our wave-length determinations is caused by the 
insufficiency of Rowland’s standards. 

To say a word on the importance of obtaining wave-lengths as 
correct as possible, for astronomical purposes, for the identification 
of elements, for the series relations, etc., seems needless. Thus the 
necessity of creating a new system of standards is evident, and it 
seems time to consider the way by which a better system may be 
produced and the errors committed by Rowland avoided. 

One of Rowland’s errors was the use of mixed solar and arc lines, 
which he thought were of identical wave-length. Since that time 
we know, by the publications of Jewell, Humphreys, and Mohler, 
that they are different. This cause of error could thus be easily 
avoided, and it seemed as if by applying the method of coincidences 
to arc lines only, a correct system could be produced. During the 
last twelve years I have three times tried to do so, but have always 
failed—I did not know why. 
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After the publication of Messrs. Pérot and Fabry’s measurements 
of iron lines I formed the plan of founding the method of coincidences 
on their measurements; it is much easier to get a system of standards 
throughout the spectrum by using many fundamental lines than by 
using a single one. But as I was not sure of the absolute correctness 
to Pérot and Fabry’s numbers, though they seemed very reliable, I 
felt obliged to convince myself. This can be done by the method of 
coincidences, as one line can be got by that method from others. 

While engaged in this research there appeared a paper from Michel- 
son showing that errors in the ruling of gratings are possible which 
make the method inapplicable: a line of given wave-length in the 
first order does not coincide with another line of half that ‘wave- 
length in the second order. I immediately changed the scope of 
my investigations and made some tests to see if Rowland’s gratings 
have such an error. I have two of Rowland’s largest gratings ruled 
on his second and third dividing engines. The comparison of results 
obtained with them by the method of coincidences gave differences of 
more than 0.03 Angstrém units, while repeated determinations with 
each grating alone agreed to a few thousandths. 

It is thus apparent that Rowland’s gratings are not suited for the 
application of this method, and it is probable that the larger part of the 
errors in Rowland’s system are due to this cause. As gratings are 
therefore not to be used for exact absolute determinations, they are 
useless also for relative measurements, if great accuracy is desired. 
At present we have no better engines, though different American 
physicists are planning new constructions, as Michelson and Wads- 
worth. Time must show if their engines are better. We are now 
under the deplorable necessity of disregarding the method of coinci- 
dences in the creation of a new system of standards; the spectra of 
gratings can be used only for interpolation between standards not 
too far apart. 

It seems to me, then, that the only way open consists in the deter- 
mination of a great number of arc lines with some interferometer, 
and probably Pérot’s and Fabry form of that instrument will prove 


most appropriate. Its use is not easy; it requires long practice even 
for the visible part of the spectrum, and for the ultra-violet part the 
difficulties will be much greater. Not a single observer, but several, 
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should undertake this task, and when their numbers agree to one or 
two thousandths of a unit for, say, fifty or a hundred lines throughout 
the spectrum, then the grating may again be applied for getting by 
interpolation some hundred lines more. Then it will be possible to 
get all the spectral lines accurate to some thousandths of a unit, a 
great advance will have been made, and many questions that are 
now inapproachable can be answered. 

Of course, all the measurements of spectra already made 
have myself worked a good deal in that direction—will be useless 


and I 


as far as wave-lengths are concerned. Professor Hartmann, of 
Potsdam, thinks it already now possible to calculate from Pérot and 
Fabry’s measurements a table of corrections, by the application of 
which Rowland’s measurements, and all the others based on Row- 
land’s standards, may be corrected. I think that is impossible. 
We do not even know that the fluctuations in Rowland’s system are 
truly known, as very few lines have been remeasured by Pérot and 
Fabry, and they may have fallen on some lines with large individual 
errors, and the curve of corrections may become quite another by 
the use of other lines. But even if that were not the case, who knows 
from what individual standards every line of a spectrum has been 
determined ? Hasselberg is the only man who gives in his tables 
the standards between which he has interpolated, so that his numbers 
can be corrected when corrections to Rowland’s standards are known. 
The greater errors of individual lines in Rowland’s tables cannot be 
corrected. And, further, it is quite impossible to deduce any table 
of corrections for the ultra-violet part. As the method of coinci- 
dences has broken down for gratings which have been tested, we can 
get no conclusion whatever as to the behavior of Rowland’s system 
in this part of the spectrum without new absolute measurements. 

I therefore think Rowland’s system must be entirely abandoned 
and a new system created. Since for all spectroscopic purposes only 
relatively correct values are needed, the new system may be based on 
Rowland’s incorrect value for the D lines; then new measurements 
would coincide within some hundredths instead of tenths of a unit 
with the old ones. I think it more logical, if an entirely new system 
is to be created, to base it on Michelson’s absolutely exact values of 
the Cd lines. But this question is of minor importance. 
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SOME TOTAL SOLAR ECLIPSE PROBLEMS.' 
By C. D. PERRINE. 


REAL progress in eclipse work dates from the applications of pho- 
tography and spectroscopy to the subject. Indeed, the fundamental 
question whether the corona belongs to the Sun or is a lunar effect 
was first definitely answered by the sensitive plate. 

These methods of investigation, coupled with a fuller realization 
that the corona is a part of the Sun, and that every fact concerning 
our Sun is of the utmost importance in the study of the stars in general, 
brought eclipse problems into great prominence. Following rapidly 
“ame the important discoveries of the bright lines in the corona and 
chromosphere, of the reversing-layer, and of variations in the general 
form of the corona with the Sun-spot period. Later came the detec- 
tion of a few Fraunhofer lines in the corona, of the irregular distribu- 
tion of the ‘‘coronium” stratum, of interesting details in the coronal 
structure, particularly the “hoods” over the prominences, and of 
the low effective temperature of the corona as measured with the 
bolometer. 

Observations of the last eclipse furnished strong evidence that the 
corona, Sun-spots, and prominences are closely related phenomena, 
and that the light of the outer corona is almost wholly reflected or 
diffracted photospheric light, whereas that of the inner corona is 
chiefly inherent. 

At the 1901 eclipse an unusually favorable opportunity presented 
itself for determining the motion of coronal matter in a region of 
abnormal disturbance, from a comparison of photographs secured at 
different stations. Unfortunately, suitable observations for this 
purpose were available over only a small interval of time, and the 
most we can say is that the velocities at right angles to the line of 
sight were certainly less than 20 miles (32 km) per second. This 
result points to comparatively low velocities as the normal condition 
in the corona. 

«Read at the International Congress of Arts and Science, St. Louis, September 
23, 1904. 
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The question of the existence of intra-Mercurial planets is a dis- 
tinct eclipse problem. Observations at the last eclipse indicate 
that there is no such planet as bright as the fifth magnitude, nor 
any great number as bright as the eighth magnitude. 

This, briefly, is our knowledge of eclipse phenomena at the present 
a knowledge which is seen to be general, rather than detailed. 


time 
The work already accomplished has been of the nature of a reconnais- 
sance, and suggests a concentration on details as the line of future 
development. 

The problem which promises to be solved first, and to be eliminated 
from eclipse programs, is that of the existence of intra-Mercurial 
planets. At present there seems little probability that bodies of 
appreciable size exist and the eclipse of 1905 ought to settle the 
question so far as objects brighter than the tenth photographic 
magnitude are concerned. This appears to be a sufficiently faint 
limit for the present, as a body of tenth magnitude in this region 
could scarcely be over 12 or 15 miles in diameter. Approximately 
a million such bodies would be required to explain the observed 
anomalies in the motion of Mercury. The long-focus cameras used 
at the last two eclipses proved very efficient in this search. Under 
good conditions they can record objects of the tenth photographic 
magnitude, and their power could be readily increased if necessary. 

In the event that no planet is found, it will remain for the mathe- 
matical astronomer to discover the cause of the discrepancies in 
Mercury’s motion. However, it is not impossible that a ring of very 
small bodies, numbering many millions, perhaps beyond the power 
of practicable eclipse instruments, may exist within the orbit of 
Mercury. 

The structure of the corona is one of the most important of eclipse 
problems and is best studied with long-focus cameras. These should 
give as large an image as the atmospheric conditions will permit. 
Cameras of forty feet focus are readily pointed directly at the Sun 
(a method which has, I think, some advantages), and it is probable 
that those of 50 or even 60 feet might be so used. Instruments of 
greater focal length would be advantageous under good atmospheric 
conditions, but it would be advisable to mount them horizontally. 

The entire change in the appearance of the detailed coronal feat- 
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ures from one eclipse to another shows clearly that the coronal matter 
is in motion. The appearance of the streamers, and their evident 
connection in so many instances with prominences and other eruptive 
phenomena on the Sun’s surface, strongly indicate motions away 
from the Sun. Radiation pressure must also be concerned to a great 
extent in the outward transportation of the very minute particles of 
matter. On the other hand, the forms of the hoods and the low 
order of velocities of coronal matter (indicated by observations at the 
1go1 eclipse) leave little room for doubt that there is motion inward 
as well as outward. 

It is impossible to overestimate the value of a knowledge of these 
motions, particularly if motions im the line of sight, 1s well as at 
right angles to it, can be secured. Accurate measures of these motions 
at several points in the path of a streamer, for example, would permit 
a satisfactory determination of its form and point of origin to be made. 
The motions at right angles to the line of sight should be determin- 
able from photographs obtained at intervals of from one to two hours. 
The 1905 eclipse offers especially favorable opportunities in this 
respect. Stations may be occupied from Labrador to Egypt. 
Between these extreme stations there is a difference of two and one- 
half hours in the times of totality. 

The success at the-last eclipse in recording the Fraunhofer lines 
out to a distance of 45’ from the solar limb, through clouds which 
allowed only a small portion of the light to pass, indicates a possibility 
of securing some line-of-sight results from the photospheric light in 
the corona. However, more powerful spectrographs and plates of 
greater sensitiveness than those heretofore applied would have to 
be used. Difficulties would arise in the interpretation of such results, 
for the motion of reflecting and diffracting matter at right angles to 
the line of sight would cause a displacement of the lines as well as the 
motion im that line; but the value of the former component would 
perhaps be available from the comparison of large scale coronal 
photographs. 

The general character of the light of the corona seems to be 
pretty conclusively determined. A very small proportion has a bright- 
line spectrum, which indicates a gaseous nature. The substance 


emitting the bright-line radiations is thus far unidentified with any 
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terrestrial elements. The greater part of the light from the inner 
corona gives a spectrum without any visible trace of the Fraunhofer 
lines. It is undoubtedly due to incandescence of solid or liquid matter. 
Practically all of the light of the outer corona gives a spectrum which 
is an exact counterpart of the solar spectrum. Polarization results 
are in full accord with this view. 

The only evidence which appeared to be at variance with the theory 
of an incandescent inner corona is the bolometric observation of the 
Smithsonian party at the 1900 eclipse. This observation showed 
a small quantity of heat, but very much less than had been anticipated, 
on the theory of incandescence. The effective coronal temperature 
observed was but a few degrees higher than the temperature of the 
observing room. Arrhenius has recently shown that the heat radia- 
tion observed at that eclipse is as much as could be expected from 
incandescent matter under the conditions probably prevailing in the 
corona. The close agreement of results from such widely differing 
methods gives considerable confidence in the theory of incandescence. 

Theoretically, it is possible, by means of a well-known law, to 
determine the temperature of the corona from the position of the 
maximum of intensity in its continuous spectrum. Such a study 
would be most important, but it may be doubted whether the neces- 
sary observations can be secured, from the fact that for the temperatures 
probably existing in the corona the maxima would fall in the extended 
region of the spectrum between the green and the infra-red. It 
would be difficult to observe this region of the spectrum either visually 
or photographically. 

Schuster has shown that with sufficiently accurate polariscopic 
observations it would be possible to determine the law of distribution 
of coronal matter, and whether the materials are moving away from, 
or toward, the Sun. When we consider, however, the variable 
conditions which are undoubtedly present along almost any line of 
sight through the corona, it seems practically impossible to obtain 
trustworthy results except perhaps in the isolated polar streamers of 
“minimum” coronas. 

Photometric determinations of the brightness of the corona, as a 
whole and of the different features, if systematically carried out, 
furnish an excellent test for solar and coronal theories. It is still 
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uncertain whether the ‘‘maximum” or “minimum” coronas are 
brightest. Photometric observations of the coronas of 1893, 1898, 
and 1900 by the English expeditions indicate’a decided increase in 
brightness [in the ratios 3, 6, and 8 respectively], whereas the large- 
scale photographs made by the Lick Observatory expeditions upon 
a systematic plan show a decrease for the same eclipses [in the ratios 
10, 8, and 5]. [In obtaining the results from the large-scale photo- 
graphs, the accidental variations due to development, etc., have been 
eliminated as far as possible by a combination of the results from a 
number of negatives. The plates used in 1893 were of a lower 
sensitometer number than those of 1898 and 1900. It seems reason- 
able to suppose that the later plates are in general more rapid than 
the earlier ones, the effect of which would be still further to accentuate 
the decrease in observed brightness. Again, the large-scale photo- 
graphs of 1893 were taken with the Sun at a lower altitude than at 
the eclipses of 1898 and 1900; and a correction for this fact would 
further favor the greater brightness of the 1893 corona.| The desira- 
bility of carrying a well-considered program of photometric observa- 
tions through one or more solar periods is evident. 

The wave-lengths of the lines in the spectra of the chromosphere, 
reversing-layer, and corona should be determined with the greatest 
possible accuracy in order to make their identification with terrestrial 
elements more certain. Professor Liveing inclines strongly to the 
belief that the volatile gases recently discovered in the Earth’s atmos- 
phere—argon, krypton, neon, and xenon—are present in the outer 
strata of the Sun, as observed at eclipses. The decision of this 
question awaits more accurate determinations of the lines in the 
flash spectrum. 

The use of a moving plate to furnish a continuous record of the 
spectrum of the Sun’s edge is of especial value in obtaining a knowledge 
of the heights of the substances and of possible changes in the wave- 
lengths of the lines in their spectra, as their strata are covered and 
uncovered by the advancing Moon. The fixed plate also has its 
advantages, in that familiar lines are recorded, but the result is an 
integrated effect, and changes during the exposure are lost. 

A careful study of the depths and distribution of the gaseous 


« Bracketed portions were not read. 


: 
| 
d 
i 
| 
\ 
: 


336 C. D. PERRINE 


constituents of the corona throughout one or more Sun-spot cycles 
can scarcely fail to disclose very important facts. The variation in 
the distribution of ‘‘coronium”’ as observed at different eclipses is an 
indication which should be followed up closely. 

Although the corona is an appendage of the Sun, to what extent 
it partakes of his surface rotation is questionable. It would, therefore, 
be of great value to have a determination of rotation for both the 
gaseous and the non-gaseous portions, from line-of-sight observations. 
But we must not overlook the difficulties in the way of the solution 
of this problem. A difference in the coronal velocities east and west 
of the Sun might be detected with moderate dispersive powers such 
as it may be possible to employ in the not remote future. The 
determination of the /aw of rotation would require very much more 
accurate data, however. 

The most pressing problem in connection with eclipse work is 
that of finding a method for observing the corona in full sunshine, 
thus permitting us to secure a continuous record, as in the case of the 
prominences. All the methods thus far tried have failed to give 
positive results. 

So far as the gaseous constituent of the corona is concerned, 
although its quantity is relatively very small, it is theoretically possible 
to obtain images in its bright lines on the assumption that they are 
monochromatic. The non-gaseous corona presents much greater 
difficulties because it is impossible to isolate its radiations by any 
simple spectrographic method. The attempt to observe the corona 
in full sunshine by means of the spectrograph using a double-slit gave 
promise of success, theoretically, which has not yet been realized. 
It may be pointed out that this method of diffusing the atmospheric 
glare by taking photographs of the strictly continuous light of the 
corona through an atmospheric (solar) dark line could only be expected 
to give an image of the inner corona where the light due to incandes- 
cence predominates. Results obtained at the last eclipse indicate 
that this would not be more than 1o minutes from the limb. The 
outer corona in which photospheric light predominates would not 
impress itself through a dark line. 

The extremely small quantity of heat radiated by the corona 
seems to preclude the hope of observing it by temperature methods. 
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The properties of polarized light enable the contrast between the 
strongly polarized portions of the corona, and the unpolarized sky 
illumination to be greatly increased. Experiments at Mount Hamil- 
ton, in which the theoretical contrast between corona and sky was 
increased twelvefold by polariscopic methods, did not reveal the 
corona to the eye. 

There exists at every eclipse the desirability, and at many eclipses 
the imperative need, of immediate confirmation by different observers. 
These considerations prompt the thought that too many expeditions 
with well-considered plans of work cannot engage in eclipse observa- 
tions, and that an interchange of ideas and discussion of plans in 
advance is highly desirable. For those problems which require 
observations extending over many eclipses, or over a number of spot- 
cycles, the advantages of co-operation are especially great. 


LicK OBSERVATORY, 
September 1904. 
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ON A NEW METHOD FOR THE MEASUREMENT OF 
STELLAR SPECTRA.* 
By J. HARTMANN. 


WHEN Vogel in 1888 introduced the photographic method for 
determining the radial velocity of stars, he used two coincidence 
methods in measuring the spectrograms. In his “first method” 
there is laid upon the plate to be measured a plate of the solar spec- 
trum taken with the same spectrograph. Then the positions of 
several lines in the stellar spectrum are measured with respect to the 
corresponding lines in the solar spectrum, and thereupon the dis- 
placement of the artificial comparison lines as compared with the 
corresponding lines of the solar spectrum. The difference of the two 
displacements then yields the displacement of the stellar spectrum 
with respect to the terrestrial comparison spectrum. In Vogel’s 
“second method” this latter displacement was measured directly. 

The reduction of the measurements is exceedingly simple in the 
case of this procedure of utilizing coincidences. The desired velocity 
of the star in kilometers is obtained by simply multiplying the dis- 
placement measured with the micrometer screw by a factor which is 
nearly constant for each wave-length. It was a further great advan- 
tage of Vogel’s “first method” that the relative position of the stellar 
and solar spectra was very sharply determined by the use of a very 
considerable number of lines. The advantage hereby gained was, 
however, in part lost again by the fact that the displacement of the 
superposed solar spectrum in respect to the artificial comparison 
spectrum could be determined by measurements of but a single line. 
This disadvantage of all coincidence measurements—that they are 
always restricted to the few lines which are simultaneously present 
in the comparison spectrum and in the stellar spectrum—appears 
still more directly in Vogel’s “‘second method.” In this process the 
further assumption is made that the lines in question have precisely 
the same wave-length in the stellar and in the comparison spectrum— 
a postulate which certainly is not rigorously fulfilled. 

t Presented to the International Congress of Arts and Science, St. Louis, Septem- 
ber 1904. 
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It is, therefore, now customary to employ the coincidence process 
only where a quick and easy determination of provisional results is 
wanted. For the definitive treatment of the spectrum plates a method 
is now generally employed which permits the measurement of all 
lines desired of the stellar spectrum. The reduction of such measure- 
ments is then effected by the aid of a dispersion formula which 
establishes a relation between the wave-length of a line and the 
reading of the micrometer screw with which the spectrum was meas- 
ured. I published in the Astronomische Nachrichten (155, 81-118, 
1901) a complete description of this rigorous procedure. 

This generally employed reduction process has, however, several 
quite serious disadvantages, of which I will cite only the two following 
as of the most consequence. First, the measurement as well as the 
computation, even in the simplest form that I have given, is still so 
laborious that it is quite impossible fully to exhaust each spectrum 
that is, to measure all of the 


of the class having numerous lines 
lines by this method. The consequence is that hitherto the observers 
have always limited themselves to the measurement of a few lines, 
thus sacrificing the complete utilization of the rich material contained 
on the plates. It is only in case of spectra of the first type, having 
few lines, that it has been possible to utilize all of the lines for deter- 
mining velocity. This has been repeatedly done, so that the meas- 
urement of the spectrograms of this sort may be regarded as defin- 
itively accomplished. 

The second defect in the procedure in question is that the wave- 
lengths of the lines measured in the comparison spectrum must be 
assumed to be accurately known. Inasmuch as a change of wave- 
length of from 0.01 to 0.02 tenth-meters corresponds to a velocity of 
1 kilometer, the wave-lengths of all the lines measured would have 
to be accurately known, at least to o.or tenth-meter, if the fractions 
of a kilometer of the velocity are to be guaranteed. But wave- 
lengths as accurate as this are available only in isolated instances. 
Just recently I have pointed out how important it is for astrophysics 
to have measurements of the wave-lengths carried out referred to a 
uniform system. Measurements of velocity cannot be definitively 
reduced so long as these wave-length determinations have not been 
completed; but still many years will elapse before sufficiently sharp 
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wave-lengths of all the elements observed in stellar spectra will be 
available. 

But even when these wave-lengths of terrestrial substances are 
accurately determined, there will still remain the assumption, which 
surely is only approximately correct, that the lines in question also 
have precisely the same wave-length in the absorption spectrum of 
the stars observed. 

In order to overcome all these difficulties, and to enable an entirely 
definitive determination of velocity to be made at present, for all 
many-lined spectra, I developed several years ago a method which 
depends upon a wholly new principle of measurement. While in all 
previous methods the measurement was effected by setting a single 
thread successively upon the lines of the stellar spectrum and those 
of the comparison spectrum, the new procedure depends upon the 
simultaneous setting oj numerous lines oj one spectrum on the lines oj 
another spectrum. 

The stellar spectrum is photographed as heretofore, and therefore 
has on both sides the lines of a terrestrial comparison spectrum. 
With the same spectrograph a solar spectrum is now photographed in 
a similar manner and with the same comparison spectrum. The 
two plates are placed in a specially constructed measuring micro- 
scope, and the observer then sees in the field of view, close to and on 
both sides of the stellar spectrum, the corresponding region of the 
solar spectrum; and similarly, alongside of the comparison spectrum 
of the star, that of the Sun. It is then only necessary to move the 
solar spectrum by the screw so that the lines of the stellar spectrum 
coincide with those of the solar spectrum, and then so that the lines 
of the two comparison spectra coincide. The difference of the set- 
tings then gives directly the displacement sought. 

It is seen that this process requires neither an accurate knowledge 
of the wave-lengths of the lines used nor any extensive computation 
of any sort. In fact, it is no longer necessary for the observer to 
make the settings upon each individual line, for the apparatus is so 
constructed that long stretches of the adjacent spectra, which in part 
may consist of irresolvable groups of lines, may always be brought 
simultaneously into coincidence. The observer is thus enabled to 
employ a// the lines of many-lined spectra for measurement; the 
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measurement is correspondingly more precise, but is, nevertheless, 
very rapidly executed. 

In the reductions, which are as simple as in the case of Vogel’s 
coincidence methods, only the single assumption is made that the 
lines have the same wave-lengths in the spectra of star and Sun. 
This assumption is undoubtedly the only permissible one for all stars 
of the second type, for the treatment of which the process now 
described was primarily designed. At least this assumption is 
probably nearer the facts than that hitherto always made, namely, 
that the lines of these stellar spectra have precisely the same wave- 
lengths as those in terrestrial substances investigated in the laboratory. 

A more precise description of the apparatus for measurement, as 
well as of the procedure in observing, will be given later. 


ASTROPHYSICAL OBSERVATORY, POTSDAM 
August 2, 1904. 
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A DESIDERATUM IN 


By Epwin B. FRoOst. 


It is to be presumed that most astronomers will agree in regarding 
the knowledge of the stellar evolution as one of the greatest ultimate 
problems of astrophysics. It can hardly be questioned that great 
simplification would be gained, and the co-ordination of observations 
be rendered more certain, if a comprehensive scheme of stellar classi- 
fication according to spectra could be adopted by all workers in this 
field. It has seemed to me that the occasion of an International 
Scientific Congress is particularly appropriate for briefly considering 
whether a beginning should not soon be made toward developing 
such a system by the combined efforts of the workers in this depart- 
ment of astrophysics. It is obvious that the common consent of the 
parties interested is essential to the successful erection of a structure 
of this sort, and it cannot be the work of any individual, or of any 
group of individuals which does not fully and widely represent those 
concerned. 

If someone should fear that this is a proposal for the construction 
of an artificial system, which would only add to the nomenclature 
and terminology of astrophysics, let us consider for a moment the 
present status of the question of stellar classification. Differences in 
stellar spectra were recognized by Fraunhofer. Many years later 
Rutherfurd published a brief grouping of them. But the classifica- 
tion proposed by Secchi in 1866 has been most widely used, doubtless 
by reason of the simplicity and obvious distinctness of its four types. 
Based upon visual observations alone, it must necessarily lack com- 
prehensiveness, and this has led to the suggestion by E. C. Pickering? 
of the addition of a fifth type to include stars showing bright lines. 

Vogel’s system, logically developed along the line of his pioneer 
and prescient views of stellar evolution, has been of great service for 
thirty years. With the increased knowledge acquired from more 

1 Paper read before the Section of Astrophysics of the International Congress of 
Arts and Science, St. Louis, September 1904. 

2A. N., 127, 1, 1891. 
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extensive and better observational data (in short, from the introduc- 
tion of spectrography, or the application of photography to the 
spectroscope), a restatement of the distinguishing features has 
recently been made, happily by the eminent founder of the system. 
It now includes ten subdivisions. 

In connection with the extensive operations in the field of stellar 
spectroscopy at Harvard Observatory, a more extended system 
has been found necessary by Professor Pickering for recording the 
observed facts, and, in a sense, it may be said that three different 
classifications have been used in the Harvard publications. The 
development was carried farthest in the scheme of Miss Maury, 
which includes more than seventy subdivisions or shadings. Other 
groupings have been proposed with considerable elaborateness, and 
as the result of careful study of large quantities of observed data, by 
Sir Norman Lockyer, and also by Mr. F. McClean. These newer 
systems have not been proposed by their authors from a desire to asso- 
ciate new classifications with their researches, but from their feelings 
of the insufficiency of existing systems, or of the lack of adaptability 
of the existing systems to the purposes of their own work. The 
systems have all been of service, but the very existence of so many 
shows quite clearly the need of combined action tending toward the 
adoption of one of them, or toward their supersession by a new 
system formed by international co-operation, and representing, as 
far as possible, the combined views of astrophysicists. 

As an illustration of the confusion and mnemonic difficulties of 
the present classifications,’ which (excepting Lockyer’s of 1899) are 
merely distinguished by numerals or by letters, let me cite the case of 
the star Procyon. It is assigned by the different authorities as follows: 


t Literature: Seccu1, Comptes Rendus, 63, 626, 1866; H. C. VOGEL, A stronomische 
Nachrichten, 84, 113, 1874; Sitzungsberichte der k. Akad. zu Berlin, 1895, 947-958; 
ASTROPHYSICAL JOURNAL, 2, 333-346, 1895; Publicationen des Astrophysikalischen 
Observatoriums zu Potsdam, 12, 6-8, 1899; E. C. PICKERING, Annals of Harvara Col- 
lege Observatory, 2'7, 1890; Miss A. C. Maury, ibid., 28, Part I, 1897; Miss A. J. 
CANNON, ibid., 28, Part II, 1901; J. N. Lockyer, Phil. Trans., 184, 724, 1893; 
Proc. R. S., 65, 186, 1899; “ Catalogue of 470 of the Brighter Stars Classified According 
to Their Chemistry at the Solar Physics Observatory, South Kensington,” 1902; F. 
McCLEan, “Comparative Photographic Spectra of Stars to the 34 Magnitude,” Phil. 
Trans., 191, 127, 1898; “Spectra of Southern Stars,’’ London, 1898. 
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Secchi, I1; Vogel (1875), Ia; Pickering (Draper Catalogue), F; 
Lockyer (1893), A (8); Vogel (1895), Miss Maury, XI la; McClean 
Division II1; Miss Cannon, F5G; Lockyer (1899), Procyonian. | 
venture to say that in this company there are not many who could 
instantly localize a spectrum of Vogel’s Class Ia2; or of the Draper 
Catalogue E; or Miss Maury’s VIIc; or of Lockyer’s Taurian or 
Achernian groups. 

The lack of defining power of the present numerical or literal 
groups seems very obvious. It will, perhaps, be felt quite as much 
by workers in stellar spectrography as by teachers, who cannot fail 
to keenly realize the student’s difficulty in visualizing the spectra 
described as of ‘‘ Type 3, Group VI” or Class ‘‘M.”’ There is a great 
advantage in the use, in the classification of a kindred science, of such 


‘ 99 


a term as 
once comprehensible. 


‘carnivora,”’ which is available for all languages and is at 

The field is almost entirely open and untouched, as compared 
with other branches of science. It is not even agreed—indeed, has 
it been often considered ?—whether there shall be used, in the com- 
parative study of spectra, divisions corresponding to orders, families, 
and genera. Of the helpfulness of such divisions in other sciences 
there can be nodoubt. Starting thus with the benefit of the experience 
of the students who use classification in other subjects, it should be 
possible in this subject to avoid the inconveniences, and even absurdi- 
ties, which have attached themselves to systems in other branches 
of science, while utilizing their good points. It is, of course, an 
essential feature that only such terms should be used as will pass 
without any considerable change in all of the four principal modern 
languages. 

In petrography, as a result of labors extending over a decade, by 
five or more American authorities in that field, a scheme of classifica- 
tion has recently been published which is commanding general atten- 
tion among geologists. Had it been an international undertaking, 
and more widely representative, it would presumably find very 
prompt and widespread adoption. 

In view of what has been said, it would be quite inappropriate for 
me, or perhaps for any individual, to advance at this time proposals 
for the new system. I would merely point out certain questions that 
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would arise in determining the bases of a classification. It is a distinc- 
tion of the classifications of Vogel and of Lockyer that they logically 
correspond to the theories or hypotheses of their authors. They, 
accordingly, are not in marked agreement; and in the case of any 
system based upon theories of development, new theories, or an 
inversion of old theories, would necessarily carry with them still other 
new classifications. Is it not, therefore, desirable that any new system 
of classification should be based, rather, purely upon observed data ? 
Theories of today may be reversed tomorrow, and, indeed, what we 
regard as observed facts may soon receive a diametrically opposite 
interpretation; nevertheless, no age has a surer basis for its reasoning 
than what it regards as its observed facts. 

In any new classification, simplicity should, of course, be sought, 
and the subject naturally furnishes obvious distinctions; such are 
given by bright lines and dark lines, bright and dark bands, spectra 
having few lines and spectra having many lines, narrow lines and 
broad lines, bands of different aspects. Then, too, the classification 
according to chemistry is most natural, and probably reliable. The 
term ‘‘helium”’ class of spectra would seem unambiguous and definite, 
although, of course, we realize the presence of helium in the Sun, 
hence in the stars of the solar type. It is certain that the absence of 
the lines characteristic of a particular spectrum constitutes no proof 
of the absence of that element from the celestial body. 
or, better, in the darkness 


In the light of our present knowledge 
of our present ignorance—the use of temperature as a basis of classifi- 
cation would seem very doubtful; but, without committal to any theory, 
the different electrical behavior of the different lines—occurrence of 
enhanced lines, so called—might properly serve as a criterion in arrang- 
ing some subdivisions. 

It would not seem too much to expect that a new international 
classification should include at least one hundred separate subdivisions, 
for of the reality of the distinction between existing groupings there 
cannot be the slightest question in the minds of those dealing directly 
with spectrograms. But any new classification should be based upon 
the broadest facts and the most comprehensive data, already available 
and to be collected for the purpose in hand. Distinctions must 
not be based upon comparisons of merely the visual part of the spec- 
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trum, or of the narrow range in the blue and violet often studied; 
the whole extent of the ultra-violet attainable should also be included, 
and studies of the distribution of energy in the entire range of the 
spectrum should add important data. 

In view of the necessary time involved, probably five years, for 
the fairly complete development of a new system of classification, 
and in view of the desirability of having the participation of those 
distinguished pioneers in stellar spectrographic work, yet happily 
with us, I submit the. question: Is it not time that a beginning be 
made by the organization of an international committee to consider 
the question of a new classification of stellar spectra, representative 
of the observable facts of the first decade of the twentieth century ? 


YERKES OBSERVATORY, 
September 15, 1904. 
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AN ELECTRIC THERMOSTAT. 


By HORACE DARWIN. 


Tuis thermostat was designed and constructed by the Cambridge 
Scientific Instrument Company, Ltd., as an adjunct to the spectro- 
graph of the twenty-four-inch refractor of the Royal Observatory, 
Cape of Good Hope. The special object in view is to maintain the 
prisms and other parts as accurately as possible at a known constant 
temperature, over a considerable period; but, as the same devices are 
capable of a far more extended application, it appeared that an 
account of them might be of interest. The prisms are inclosed in a 
metal box which is surrounded by an outer chamber; the tempera- 
ture of the air in this chamber is kept constant. The air is rapidly 
stirred by an electrically driven fan, and the temperature in the box 
varies very slightly, this slight variation taking place very slowly. 

The same device has been used by Lord Berkeley in some delicate 
experiments he is trying. In this case it is an oil bath which is to be 
kept at a constant temperature. The oil is rapidly stirred by rotating 
fans made in the form of screw propellers, and the temperature did 
not vary by so much as o°o1 C. for a week at a time. 

The heat is supplied by electrically heated coils, and the regulation 
of the temperature is automatically effected by varying the current 
passing through these coils. Four resistances, two of copper and 
two of manganin, are arranged as a Wheatstone bridge, and are placed 
in the chamber or vessel the temperature of which should not vary. 
Through this controlling bridge a small and constant current is always 
passing. One pair of opposite arms are of copper, and the other pair 
are of manganin, and their resistances are such that they balance at 
the required temperature, and then no current passes through the 
galvanometer connected to the bridge. But as the temperature 
coefficient of the copper arms is large and that of the manganin 
small, a very small variation of the temperature will throw the galva- 
nometer over to one side or the other. It is this movement of the sus- 
pended coil of the galvanometer which regulates the supply of current 
to the heating coils. The resistances of the arms of the bridge can 
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be altered at pleasure; this gives a means of altering the temperature 
at which the galvanometer balances, and consequently the tempera- 
ture of the chamber can be adjusted to whatever is desired. 
A current is always passing through these heating coils and 
through a set of resistances in series with them; we will call these the 
“series coils.” The less the resistance of the series coils, the greater 
is the current which passes through the heating coils; and if the series 
coils are short-circuited, the effect of their resistance is eliminated. 


Hit-or-miss Arm 


Galvanometer Booin 


Galvano- 
meter 


Controlling 
Bridge 


Contact 
Arm 


oils 


Heating C 


Series Coils 


Bridge Battery 


i Sliding 
Contact 


Heating Cells 


If the galvanometer swings over to the cold side, this short-circuiting 


takes place by the closing of a key, and more heat is supplied to the 
heating coils. This key is closed intermittently and remains closed 
for a short time. The amount of heat supplied to the heating coils 
can be increased in three ways: 

1. The key can be closed more frequently. 

2. The length of time during which it is closed can be increased. 

3. The resistance of the series coils can be reduced. 

The movement of the galvanometer boom regulates the supply of 
heat in all three ways. The first effect of a fall of temperature is that 
the short-circuit key is closed more frequently; this more frequent 
action of the key automatically increases the duration of each suc- 
cessive closure, and this again automatically diminishes the resistance 
of the series coils. 
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We will now describe the mechanism by which this is effected. 

The suspended coil of the galvanometer carries a light horizontal 
boom of considerable length. A motor continually drives a horizon- 
tal axis to which is fixed a cam; this cam lifts up an arm (which we 
will call the hit-or-miss arm) capable of rotating about a horizontal 
axis, and then allows it to fall again. As the hit-or-miss arm falls, 
its end passes through an opening in a plate over which the galva- 
nometer boom can pass; if the boom is on the “too hot” side, the end 
of the arm on its way down hits it, presses it down till it comes in 
contact with the plate, and thus the arm is prevented from being 
lowered to its full extent; if, on the other hand, the boom is on the 
“too cold” side, the arm is free to pass through the opening. In this 
case the arm is lowered still farther and carries with it the contact 
brush which acts as a key and completes contact, short-circuiting the 
series resistances. This, as before stated, increases the heat given 
out by the heating coils and raises the temperature of the chamber 
or vessel. The contact brush in its lowest position presses against a 
rotating cylinder; this gives a good rubbing contact, and as part of 
the cylinder is cut away, the brush falls quickly from its edge and the 
sparking is reduced. This cylinder rotates on the same axis as the 
cam and is fixed to it, and is thus driven by the motor. The cam is 
driven at a rate of about one turn per minute; at each rotation the arm 
is lowered, and the position of the galvanometer boom determines 
whether the contact brush makes contact or not. When the arm is 
in its upper position, the galvanometer is perfectly free to take up its 
position of equilibrium. The galvanometer is, in fact, a very delicate 
relay. There are stops which prevent the boom from moving too 
far in either direction; if the boom is pressing against one of these 
stops, there is always danger of its sticking there. This is a well- 
known difficulty, and when it happens, the galvanometer is not free 
to take up its position of equilibrium. To overcome this difficulty, 
the end of the hit-or-miss arm is made of such a shape that both in 
the case it hits, or in the case it misses, the galvanometer boom is 
moved away from the stops. 

The cylindrical surface on which the contact brush rests is also 
capable of movement along the axis about which it rotates. The 
cylinder is cut away in such a shape that at one end of this endwise 
movement, the contact made by the brush is of very short duration, 
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and when at the other end the contact is comparatively long, and in 
intermediate positions the duration is intermediate between these 
extremes. It is this endwise movement which gives the second 
method of regulating the duration of the contacts, and consequently 
of the heat supplied to the heating coils. Every time the contact 
brush reaches its lowest position and contact is made, the cylinder is 
moved a small amount endwise, and the direction of this motion is 
such that the next contact will be of longer duration. Suppose the 
chamber is of too low a temperature, then contact will be made at 
every rotation of the cam, and the contact will get longer and longer 
each time, till at last too much heat will be entering the chamber, when 
the hit-or-miss arm is prevented from reaching its lowest position and 
no extra heat enters the chamber at that rotation of the cam. The 
converse then takes place; every time contact is not made the cylinder 
is moved endwise so that the duration of the contacts is successively 
reduced. It follows from this that if the hit-or-miss arm hits and 
misses the galvanometer boom alternately, the cylinder has no end- 
wise displacement given to it in the long run; but if the hits and 
misses are not equal, endwise displacement will occur, and this goes 
on lengthening or shortening the duration of the contacts until there 
are as many hits as misses in a given interval of time. This endwise 
displacement is given by the same cam which moves the hit-or-miss 
arm up and down; the cam is simple in its action, but difficult to 
describe. 

The third method of regulating the supply of heat is by altering 
the amount of the resistance in the series coils. This is done auto- 
matically by the endwise movement of the cylinder, which throws in 
or cuts out some of the series coil resistances. 

In many cases this last arrangement will not be necessary, but in 
the spectroscope at the Cape of Good Hope the external temperature 
varied greatly, and consequently the quantity of heat to be supplied 
had also to vary greatly. The prisms might be only s° F. hotter 
than the external temperature at midday, and they might be as much 
as 40° F. hotter than the external temperature at night. Thus at 
night eight times as much heat has to be supplied as during the day 
in order to keep the chamber at a constant temperature. Mr. Lunt, 
of the Cape of Good Hope Observatory, suggested this arrangement. 


CAMBRIDGE, ENG. 
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THE ATLAS CHART FOR T ORIONIS EXTENDED. 
By Joun G. HAGEN, S.J. 


In Volume 19 of this JOURNAL (pp. 344-349) a list of stars was 
published as a basis for a chart which might serve as a guide in observ- 
ing the many variables recently discovered in the star cluster of the 
Orion nebula. The Atlas' Chart for T’ Orionis seemed to suit this 
purpose, if somewhat extended and filled in. This chart, however, 
is not supposed to make other more detailed charts unnecessary; it is 
only intended to locate the circular charts of Wolf, and to indicate 
the places of the variables given in these charts and in the Harvard Cir- 
culars. The positions of all the stars on the chart are published either 
in the Atlas Catalogue or in the list mentioned above, and its supple- 
mentary tables, which follow below. No attempt was made at insert- 
ing stars from available photographs by eye-estimates. The chart, 
therefore, will alone not suffice to identify all the new variables, but 
will serve as a guide in using the charts of Bond and of Wolf. The 
star disks of the new variables are relatively too large, but easily 
distinguishable by the appended Harvard numbers. 

Since the publication of the Harvard Circular No. 78, two more 
Circulars have appeared, No. 79 and No. 86, with additional discov- 
eries and measures of variables in the same region. In Table II of 
No. 86 there are eight new variables, which, with eight B. D. stars not 
yet contained in our first list, are tabulated in the supplementary 
tables below. We have thus on this chart 73+8=81 variables, more 
or less confirmed. 

The four circular charts of Wolf, which fall within this chart, are 
indicated by circles and marked III, IV, V, VJ, according to Wolf’s 
numbering. Instead of the numbers (6), (8), (9), (24), (25), which 
referred to five stars not yet confirmed as variable in Circular 78, the 
corresponding new numbers 76, 78, 80, 88, 90 of Circular 86 are 
printed on the chart. The star marked W is Wolf’s b,, and (T) 
denotes Bond 539, to which Pogson had applied the letter 7. 


t This refers to the author’s Atlas Stellarum Variabilium, Berlin, 1899.—Enps. 
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EXTENSION OF HAGEN’s CHART FOR J’ ORIONIS. 
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The two stars Bond 642 and 654, which Mr. J. A. Parkhurst* has 
found to be variable, are too near the bright star @* to be printed on 
the chart. 

The three stars Nos. 5, 6, 8 of Table I in Circular No. 86, which 
were suspected by Isaac Roberts, are not inserted, as requiring 
further confirmation or identification. 


SUPPLEMENTARY TABLES. 


TABLE I. | TABLE I. 

P. | Chart Sa B.D. Mag. Aa 

77 | 40s — 8-3 —5°1287 9-3 —2m 58s 
79 | —r 36 — 5.6] 89 8.5 —2 43 + 7.7 
81 | —I 26 + 31.0 | gI 9.5 —2 II +27.3 
_ —I 25 + 31.0 g2 9.3 —2 4 +17.9 
8 I\ —I I —13.7 93 9.8 —2 ° — 4.0 
84 | IV —I I —14.0 || —4°1164 8.0 —2 56 +54.1 
85 pees —o 31 + 7.6! 65 9.0] —2 39 +50.2 
86 —O 23 — 33.0 82 9.2 —o 35 +46.6 


As in the previous table, the heading ‘‘P” refers to the numbers 
of Professor Pickering, and the heading “Chart” to Wolf’s circular 
charts; the magnitudes are taken from the B. D. and the places are 
relative to T Orionis in the center of the orginal chart. 


“GEORGETOWN COLLEGE OBSERVATORY, 
October 1904. 


t ASTROPHYSICAL JOURNAL, 20, 136-139, 1904. 
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Minor CONTRIBUTIONS AND NOTES. 


A DIVISION OF THE STARS IN SOME OF THE GLOBULAR 
STAR CLUSTERS, ACCORDING TO MAGNITUDE. 
THE program of observations for the Crossley reflector undertaken by 
the late Professor Keeler contained the following eight well-known globular 
star clusters: 


5272 13" 38m | +28° 53’ 
5904 I5 13 
6205 16 38 +36 39 
6218 16 42 — r 46 
6656 18 30 —24 ©0 
7078 25 44 
7089 21 28 16 
7°99 35 —23 38 


An exposure of 1" 30™ to 2" was required to bring out the faint stars 
which, in telescopes of ordinary size, give the appearance of nebulosity 
to these clusters. 

The general appearance of these clusters is very similar; they are of 
nearly the same angular dimensions, and the magnitudes of the component 
stars are remarkably alike. 

In each of these clusters practically all of the stars can be separated 
into two classes of magnitudes. Perhaps a third of the whole number lie 
between the eleventh and thirteenth photographic magnitudes, while 
almost all of the remainder are very faint, being about the sixteenth magni- 
tude. The appearance is that of two layers, one of bright stars superposed 
upon another of very faint stars. 

In his study of the Hercules cluster (M 13), Palmer? notes this division 
of magnitudes and gives the number of “‘bright” stars in that cluster as 
‘to16, and of “faint” stars as 4466. 

No numerical magnitudes are assigned, owing, probably, to the diffi- 
culty of determining magnitudes with sufficient accuracy from the Crossley 

t Also to appear in a Bulletin of the Lick Observatory. 

2 “The Distribution of Stars in the Cluster Messier 13, in /Tercules,’ 
PHYSICAL JOURNAL, 10, 246, 1899. 
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photographs. Scheiner? gives the magnitudes of the 833 stars in this 
cluster catalogued by him as from 12 to 14. 

From visual observations of the cluster Messier 13 with the thirty-six- 
inch refractor, I should assign, for the brighter stars, a range of about 2 
magnitudes, from 11 to 13, and of one magnitude, 154 to 164, for the faint 
stars. There is little departure from these ranges for the other clusters. 
But few stars of magnitudes 14 to 154 are to be found in these clusters. 

Photographs of the » Centauri cluster, obtained at the Harvard College 
Observatory station at Arequipa, exhibit the same division of the stars in 
that cluster into two groups as does the Crossley series. The limits of the 
area of the faint stars are fully as sharply defined as those of the brighter 
ones and the centers of the two groups coincide. We are, therefore, led 
to the conclusion that, in each case, the observed division is in the same group 
of stars in space. That it is the characteristic of all clusters of this type 
is not certain, but the lack of any exceptions in the clusters observed sug- 
gests such a hypothesis. 

The clusters under consideration are widely distributed, covering eight 
hours of right ascension and over seventy degrees of declination. Only 
one of them (NV. G. C. 6656) is in the Milky Way. 

In the case of the //ercules cluster, Palmer found that the faint stars 
appeared to be distributed, approximately uniformly, in a sphere having 
a nine-minute radius, whereas the bright stars are more numerous near the 
center of the cluster. This result for one cluster, coupled with the general 
appearance of all clusters, leads to the belief that the real form of these 
objects (at least the nine in question) is spherical. 

Two hypotheses, to account for the peculiar distribution in magnitude, 
suggest themselves: 

1. That it is due to a difference in the size of the stars. 

2. That it is due to a difference in constitution or physical condition. 

The almost complete lack of physical data at present prevents any useful 
discussion of these hypotheses. Although the first appears to be the more 
probable, yet it is conceivable that this peculiar distribution might result 
from a difference in constitution of the stars themselves. 

The suggestion has been made that an absorbing medium pervades the 
cluster. It is difficult to see how such an appearance as that noted could 
result from absorption of the light, upon any reasonable assumption as to 
the character and distribution of such a medium. The result of such 
absorption, in a cluster of globular form, should cause a general diminution 


Grosse Sternhaufen im Hercules Messier Abhandiungen der k. 
Akademie der Wissenschajten zu Berlin, 1892. 
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in the brightness of the stars as we approach the center of the cluster. No 
such effect is to be detected, however. 

In this connection, attention may be called to the relation which has 
been supposed to exist between the nebulz and the star clusters. The 
belief has been gaining way, since photography has shown the real structure 
of so many of those objects, that they are but different stages in the process 
of evolution; that a star cluster has been formed by the condensation of the 
matter in the nebula. 

A study of the nebul which have been observed with the Crossley 
reflector shows that a large proportion are spiral, and that practically 
all the spirals are lenticular or disk-shaped. Many of them are relatively 
very thin. Now, if the globular clusters are really spherical, as seems 
probable, it is difficult to see how they could have originated from a disk- 
shaped nebula (spiral ?). 

As there are other forms also of nebule and star clusters, it is not 
necessary to assume that the order of evolution mentioned above is the only 
one. But the natural tendency has been to connect such changes as these 
with the spirals which, by their appearance, seem to indicate greater 
systematic internal activity than others. 

C. D. PERRINE. 

Mount HAMILTON, CALIFORNIA, 

July 17, 1904. 


THE NUMBER OF THE NEBUL.* 


PROFESSOR KEELER, soon after beginning his program of work with 
the Crossley reflector, showed that the number of nebule is very much 
greater than had been supposed. He conservatively placed the number 
within reach of that telescope at 120,000. 

His program comprised the taking of photographs of 104 of the brighter 
nebulz and clusters located in all parts of the sky within reach of the tele- 
scope, 7. é., north of declination — 25°. The recent completion of this 
program enables us to revise his estimate. 

In 57 of the regions 745 new nebule have been discovered. Almost 
all of them are very small and faint. The regions in which no new ones 
were found were, as a rule, those surrounding the clusters and very large 
nebula. There were 142 known nebulz observed, in these regions, making 
the total number observed 887, an average of 84 per region. As it would 
take 62,000 such photographs to cover the entire sky, the results indicate 
500,000 as the corresponding number of nebule within reach of the Crossley 


t Also to appear in a Bulletin of the Lick Observatory. 
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reflector. This assumes that the small portion observed represents fairly 
the entire sky. It is well known that the nebulz are much more numerous 
in some parts of the sky than in others. This is a tendency which, so far 
as we know, affects large and small nebulz alike. 

The fact that a considerable number of other subjects than the nebule 
(presumably non-nebulous regions) are included in the program, indicates 
that the portion observed is fairly representative of the whole sky. 

Longer exposures, more sensitive plates, and more perfect photographs 
will undoubtedly reveal some nebulz which do not now appear, and others 
which are confused with the faint stars. It seems probable, therefore, 
that the number of the nebulz will ultimately be found to exceed a million. 

“he positions of the new nebulz discovered on the Crossley photographs 
have been determined, and a catalogue of them will be printed in the volume 
of reproductions of nebuls and star clusters, soon to be issued. 

C. D. PERRINF. 

Mount HAMILTON, CALIFORNIA, 

June 18, 1904. 


THE NINTH SATELLITE OF SATURN. 


It is probable that in the future there will be no difficulty in securing a 
sufficient number of observations of Phoebe, the Ninth Satellite of Saturn, 
not only to correct the present elements, but to study the large and inter- 
esting perturbations to which it is subject. It can be observed visually 
with the largest refractors, and can doubtless be photographed with large 
reflectors, as well as with the Bruce telescope, by the aid of which Professor 
William H. Pickering discovered it. Since the observations enumerated by 
him in the Harvard Annals, 53, 55, 60, Phoebe has been closely followed 
by Professor Bailey. The approximate positions obtained by him with 
the Bruce telescope are given in Table I, and the positions found by Pro- 
fessor Barnard visually on August 8 and September 12, 1904, with the 


TABLE I. 


Positions of Phoebe. 


! 
Desig. Date Exp. y Desig. Date Exp.| | 
1904 m | 1904 
A 6771 | June 18 [18 20] 120 |+24.20] +6.65 | A6844| Aug. 4 |14 44| .. |+10.86 | +1.61 
A 6773 20 |18 30] 120 |+23.84]| +6.65 | A 6846 5 |14 32| .. |+10.60] +1.37 
A 6801} July 6 |16 15] 120 |....... 8 118 o + 9.70 | +0.08 
A 6804 7 116 14] 120 |. A 6854 15 |19 15 ow: + 6.83 | +0.15 
A 6807 |16 58] 180 |..... A 6856 16 51| .. |+ 6.40 0.00 
A 6841 | Aug. 2 |14 47] ... | +11.56 Sept. 12 |12 36 .. 5.03 | —4.28 


t Harvard College Observatory Circular No. 87. 
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forty-inch Yerkes telescope, and announced in the Harvard Bulletins Nos. 
157 and 159, are added, to bring together all the material so far collected. 
The designation of the plate, the date, Greenwich Mean Time, exposure, 
and rectangular co-ordinates referred to Saturn as an origin, are given in 
the successive columns. 

For some unexplained reason, Phoebe has not been found on the plates 
taken in July. The record for the plates taken in August, has not yet been 
received from Arequipa. 

A NEW VARIABLE IN HERCULES. 

The meridian photometer, like other meridian instruments, is not 
adapted to the discovery of variable stars. It may therefore be of interest 
to note the discovery of such an object by the writer, with the twelve-inch 
Meridian Photometer. On August 23, 1904, while measuring the star 
+24. 3419, mag. 9.4, it was noticed that a brighter star, having the photo- 
metric magnitude 9.5, and not in the Bonn Durchmusterung, preceded it. 
An examination, the next day, of the photographs of this region at once 
showed that the star was a variable of long period having a range extend- 
ing at least from the magnitude 9.5 to <13. The approximate position 
for 1855, is R.A., 18" 20™ 2680; Dec., +24° 56/4. 

Epwarp C. PICKERING. 
SEPTEMBER 12, 1904. 
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The Moon: A Summary oj the Existing Knowledge of Our Satellite, 

With a Complete Photographic Atlas. By H. PIcKER- 
ING, of Harvard College Observatory. Pp. viii+103, with too 
illustrations. New York: Doubleday, Page & Co., 1903. 
Price $10. 

Ir is a fact that the Moon has been badly neglected visually, in recent 
years, and that its study has been relegated to the amateur with small 
instrumental means. The large telescopes of today have never seriously 
taken up its study. Yet there is perhaps no object in the sky that would 
more probably repay the careful observer than a close study of the Moon’s 
surface, but this evidently must be a study of details, because only in such 
is it likely that any discoveries of importance would be made. We have 
perhaps come too early to the conclusion that the Moon is a dead world 
and that no real changes take place upon its surface. But in the light of 
the powerful telescopes of today this might be a very rash conclusion. 
That its study has not been intelligently taken up with modern telescopes 
is perhaps due to the fact that, for one thing, it appears too easy and too 
commonplace. Another reason possibly may be that its great brightness 
would be injurious to the eyes of an observer who wished also to observe 
other and especially faint objects. This, coupled with the tradition that it 
was dead and that no changes took place upon its surface, perhaps pro- 
duced the foregone conclusion that it would be a waste of time to take 
up the study of the Moon seriously. 

Whatever the explanation of this neglect may be, it is true that observers 
in general had evidently come to the conclusion that the Moon was an 
object fit only to show to the necessary visitor, or to be execrated for 
spoiling the night with its undesired brilliancy as the Sun had already 
partly done by cutting out a large portion with which to make the day. 

The Moon, therefore, it would seem, might offer a rich field for careful 
and original investigation with sufficiently powerful telescopic means. 

Professor William H. Pickering has taken up this subject in recent years, 
and his results are so startling—bordering, as they do, on the sensational— 
that one hesitates to accept them, or rather to accept his conclusions. 

He claims to have found evidences, not only of present volcanic life, 
but of snow and ice, clouds and vegetation. 
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Perhaps if these discoveries had come slowly and one at a time, with 
long intervals between, they might have been received with better grace; 
but they have been turned out by wholesale, and almost any place on the 
Moon would seem to be conspicuously productive of one or more of the 
above phenomena; even the fateful canals of Mars are found to be deni- 
zens of the Moon also. 

Professor Pickering’s results have been published in the large quarto 
volume which has been placed in my hands for review. 

The book is conveniently separated into various chapters dealing with 
the origin of the Moon, in which the researches of George Darwin are 
popularly retold: the reasons for believing the Moon’s atmosphere must 
be very attenuated—its small mass making it impossible for the Moon to 
prevent the escape from it of the gases necessary to make an atmosphere; 
the origin of the lunar craters, in which he shows that many of the theories 
that have been offered to account for them are untenable—such as the 
impact of huge meteorites when the Moon was in a plastic condition, etc. 
He finally comes to the conclusion that there is a strong resemblance in 
many of the volcanic features of the Hawaian islands to lunar phenomena, 
and concludes that the lunar craters have been formed by processes not 
materially different from those on the Earth, except where vaster results 
have come from the smaller mass of the Moon. 

One chapter treats of vegetation and the lunar canals. The author 
concludes that, though a certain scant vegetation exists on the Moon, no 
intelligent life can exist there, and indirectly proves that the canals on 
Mars cannot be due to the work of man. 

Sixthly, since no water in the liquid form can exist on the Moon, this fact will 
enable us to rule out many seductive but erroneous hypotheses. Seventh, and 
lastly, we know that so little air and water vapor exist there that we can confi- 
dently also rule out all aid in the construction of these formations [the “canals” ] 
from intelligent or intellectual life .... they merely weaken the strongest 
argument hitherto found for the existence of highly intelligent life upon Mars. 

In this chapter Professor Pickering gives comparisons, side by side, of 
drawings and photographs of certain craters to prove the existence of the 
lunar canals. The photographs used in this comparison are so excessively 
enlarged that the details are mere blotches and it is hard to say what they 
represent. In these pictures, plates E and F, the resemblance between the 
drawings and the photographs are certainly very vague, and an interested 
mind could possibly trace out the canals or any other desired feature, but 
to the unimpassioned mind the various canals shown in the drawings have 
to be imagined on the photographs. 
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A chapter devoted to the formation of artificial craters gives many 
interesting experiments in which lunar-like formations are produced. 
Perhaps by such experiments some idea may be obtained of the possible 
formation of the lunar craters. There is danger, however, of coming too 
readily to conclusions that may be wrong, from the very fact that any 
experiments must be on such a minute scale, compared with the forces that 
have been at work on the Moon, that a comparison might be entirely mis- 
leading. 

The author concludes, however, that the maria were never the abode of 
bodies of water, and that they are not, therefore, the beds of former oceans, 
as some have supposed; and also that their formation was perhaps due to 
the solidification of great lakes of molten matter after the surrounding 
regions had solidified. 

In reference to the ice and snow, which Professor Pickering finds on 
the Moon, there seem to be large regions covered with this so-called ice 
and snow. In Plate C he gives two reproductions from the same full 
Moon negative in which one is printed out until only the very brightest 
regions remain. By this method Professor Pickering endeavors to separate 
the ‘‘snow’’-covered regions from the ordinary bright, so-called volcanic 
regions. By this heavy printing there are left regions of extra brightness, 
while the generally bright regions have nearly all disappeared, leaving the 
snow areas alone visible. Is not this a trick of photography itself in which 
the very brightest regions are differentiated from the rest by excessive over- 
printing? Might not this as readily be carried farther and still brighter 
regions alone be left, and, if so, what would they be called? How these 


residual bright regions thus revealed can be called ‘‘snow” 


does not yet 
seem quite clear. It would appear to be simply a survival of the brightest. 
Speaking of the bright rays from Tycho, Professor Pickering says: 

What has hitherto been considered one of the strangest features is that they are 
never visible at lunar sunrise or sunset, but require that the Sun shall have an 
altitude of at least 5° or 10° in order to render them visible. This peculiarity 
we have already explained as being due simply to the fact that the snow which 
forms them lies in crevices instead of on a smooth surface. The Sun must there- 
fore necessarily attain a certain altitude before they can become visible. 


But at such altitudes of the Sun these supposed crevices should themselves 
become visible from the shadows within them. As they are not so visible, 
it will be necessary to find some other means of hiding the snow near the 
time of sunrise. 

Professor Pickering instances the crater Linné as perhaps the best 
evidence of changes still taking place on the lunar surface. The history 
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of this object is well known. The earlier astronomers designate it as a 
small crater of considerable size and depth. Since Schmidt’s observations 
of 1866, when it seemed to have disappeared to him, it has been a small 
and rather difficult crater, and must have been beyond the reach of some 
of the earliest telescopes that described it. It is not now one-sixth the size 
formerly attributed to it. After the Sun has risen upon Linné for a few 
days, the crater-like formation gives place to a rather large nebulous spot 
of light, several times the size of the real crater. This luminous spot, 
Professor Pickering finds, becomes smaller as the Sun rises higher upon it. 
He attributes this appearance to a deposit of hoar frost about the crater 
during the lunar night (in some way due to the activity of the crater) and 
the subsequent melting of it by the Sun. If this is frost so formed, it is not 
quite clear why it should not be visible when the Sun first shines upon it. 
Is it not as probable that some peculiarity of the immediate surface sur- 
rounding the crater, along with the aid of the Sun’s light at certain angles, 
is responsible for the phenomena? A more conclusive proof of Professor 
Pickering’s idea would be from observations of this object immediately 
before and after an eclipse of the Moon. Such observations he has made. 
Measures of the diameter of this spot of light were obtained by him at 
the eclipse of December 16, 1899. His measures showed that the spot 
increased 0/14 in diameter through its immersion for some two and a half 
hours in the shadow of the Earth. This spot is, however, so excessively 
ill-defined in a telescope that the measures of its diameter may well differ 
by 1” of arc. Therefore it would be an even chance that a difference 
several times his value would be bigger or smaller in the measures of its 
diameter on such an occasion. But at the eclipse of October 16, 1902, 
Professor Pickering found an increase in size apparently due to additional 
accumulations about the crater while in the shadow of 2/8, which is a very 
measurable quantity in even a vague spot like that around Linné. There 
is no question but that this spot does apparently decrease in size with the 
increase of the Sun’s altitude and afterward increase as the Sun goes down, 
as Professor Pickering has claimed for it. 

Professor Pickering finds numerous other cases of change which he 
believes to be due to present volcanic activity. These observations are so 
startling that until they are fully verified one hesitates to accept them as 
real. Some of these phenomena consist of shifting white streaks or areas 
which he attributes to ‘‘streams of gas issuing from the craters and carrying 
with them white crystals of snow, thus forming rea! clouds upon the Moon.” 

The author’s accounts of the origin of the Moon, its motions, phases, 
etc.; why one face of the Moon is always turned toward us; the probability 
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of an atmosphere, and the reasons he gives for believing such an atmosphere 
to be very thin, etc., are contained in chapters 1, 2, and 3. They are inter- 
esting reading and are clearly written, and must be of value to the ordinary 
reader. 

Chapter to is also interesting as giving an account of the various 
superstitions, etc., connected with the Moon. 

Some of the other chapters contain matter that would be interesting 
to the general reader, but where the author has gone into minute details 
of his own observations and conclusions, with frequent reference to the 
photographs, the ordinary reader would find it difficult to follow him. 

The book is really the result of an expedition undertaken by Professor 
Pickering in 1900 and 1gor to the island of Jamaica, in latitude +18°, 
with the special object of studying and charting the Moon with a telescope 
12 inches in diameter and of 135 feet 4 inches focus, which gave a 16-inch 
image of the Moon. 

This instrument was mounted on the slope of a hill so that the axis 
of the telescope pointed to the north pole of the heavens, the lens remaining 
stationary. The light from the Moon was thrown into the object-glass by 
a movable flat mirror 18 inches in diameter, which was made to revolve 
westward at the rate of one revolution in twenty-four hours. 

After experimenting with the instrument, it was found best to reduce 
the aperture to 6 inches, and with this essentially all the photographs were 
made. This extremely great ratio of aperture to focus —1:270—was 
necessarily very slow, besides interfering seriously with the separating 
power of the instrument. Even with the bright Moon the exposures in 
some cases were of two minutes’ duration. 

With this telescope eighty photographs were obtained (during the seven 
months’ work) which covered the Moon’s surface completely five times. 
These photographs, which are bound in the last part of the volume, are 
reproduced of the original size, only a portion of the Moon’s surface, how- 
ever, being shown on each plate. There are five plates of each region, and 
these are under different illuminations. 

A study of these same regions under different illuminations is highly 
interesting and instructive. They show most strikingly the effect of vary- 
ing illumination on craters and streak systems. Especially interesting are 
the full Moon phases. 

The definition is seldom good in these photographs. Doubtless this is 
due to unsteadiness during the long exposures made necessary by the 
relatively small aperture. Though this seriously detracts from a close 


study of details, yet it does not materially affect their study as a chart and 


for the examination of the general features. 
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Following these are the real charts—by quadrants. These are on a 
large and convenient scale. On them are drawn lines of parallels and 
meridians. For each of these four pictures is a corresponding hand- 
drawn chart on which are printed the names of the different objects, from 
which they are easily recognized on the photographs. Though these four 
photographs are lacking in definition and have had, for the sake of exact- 
ness, the principal objects outlined by hand, they are, nevertheless, of great 
value for the location and study of details on better photographs. An 
accompanying table gives the approximate longitudes and latitudes of the 
various objects, with their names. 

For convenience in comparison with the text, it would have been better 
to have bound the photographs and charts separately from the text. 

The following list of errata has been printed by the publishers: 


ERRATA 

Page 32, line 31, for 5.7 read 5.6. 

Page 37, line 18, for (64,159) read (2.5, 6.3). 

Page 37, line 25, Plate 3B is inverted. These measures should therefore be 
made from the left and top. 

Page 37, line 29, for 6.3 read 6.2. 

Page 37, line 31, for 6.6 read 6.5. 

Page 39, line 5, for 4.1 read 4.2. 

Page 43, line 16, for 8 read 6. 

Page 49, line 19, for B read C. 

Page 49, line 25, for Messier, A read Messier A. 

Page 52, line 2, see page 37, line 25, above 

Plate F. The straight dark lines on Figs. 6 and 7 are defects. Fig. 7 should 
be turned one-quarter way around, so as to resemble Fig. 8. 

Page 68, line 18, for 33 read 13. 

Page 70, line 27, for 3B (1.2, 8.5) and 3E (1.1, 8.6) read 2A (3.2, 1.2) and 2C 
(3.2, 1.8). 

Page 70, line 28, for 5 and 8 read 3 and 6. 

Plate H, last line, for 22 read 2. 

Page 103, line 1, for contents read constants. 


Plate 3B. This plate is inverted. 
E. E. B. 


Observations of Variable Stars Made at the Rousdon Observatory, 
Lyme Regis, under the Direction of the late Sir C. E. PErx. 
Edited by H. H. TURNER. Memoirs oj the Royal Astronomical 
Society, Vol. 55, 1904. 

THis valuable memoir contains about five thousand observations of 
twenty-two long-period variable stars, mostly northern circumpolar, made 
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between 1887 and 1901. They have been carefully edited and thoroughly 
discussed by Professor Turner, and the resulting volume is one of the most 
complete that have ever appeared in this branch of astronomy, and may 
well serve as a model for future publications of variable star work. 

The series of observations is remarkable in several respects, notably 
for its homogeneity, its continuity, and its inclusion of (nearly) compleic 
light-curves of the variables. The stars observed were: 


T Cassiopeiae S Ursae Majoris T Draconis 

S Cassio peiae S Boétis R Cygni 

S Persei R Camelopardalis x Cygni 

R Aurigae S Coronae S Cygni 

U Orionis R Ursae Minoris T Cephei 

R Lyncis R Draconis S Cephei 

R Ursae Majoris S Herculis R Cassiopeiae 


T Ursae Majoris 


As far as the aperture of the telescope (a Merz refractor of 6.4-i11!) 
objective) permitted, the variables were followed throughout their cycle, 
which gives great value to the series. The observations were all made |») 
C. Grover, assistant at the private observatory. The methods of observ.) 
tion were notable in two respects: The variable was usually compere 
with five neighboring stars, therefore large magnitude intervals were oftcii 
used, frequently more than a magnitude, and sometimes two, three, or 
even four magnitudes. Evidently the method cannot be called “Arye 
lander’s,” and it is a question whether the large intervals were not better 
omitted in cases where at least two comparison stars nearly equal to the 
variable were included. The hour of observation was not recorded, so 
‘ that difficulty was met in tracing the effect of varying hour angle on the 
estimates. 

In regard to the appearance of the stars, the following quotation from 
the author’s introduction is interesting: 

Great attention has been devoted to the visual physica] appearance present« «| 
by these variables. It was soon found that they differ in a remarkable degree 
from ordinary stars. Most of them are of a deep red or ruddy color, and many 
are more or less nebulous. They may be divided into four classes, viz., stais 
having— 

a) A remarkably well-defined, almost planetary disk 

b) Well-defined stars surrounded by a more or less dense, ruddy atmosphe'v. 

c) Large woolly stars, with ill-defined image, resembling a small but brig!)t 


planetary nebula. 
d) Stars which at minimum show, in place of the variable, a slight bluish 


nebulosity. 
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The reviewer has observed fifteen of these stars with telescopes ranging 
from six to forty inches in aperture, but has been unable to confirm this 
nebulous appearance, either with the twelve-inch Brashear or the forty-inch 
Clark refractors, or by visual or photographic observations with the six- 
inch or twenty-four-inch reflectors. How much of this appearance may 
have been due to the Merz objective is a question. 

The reductions and discussions by Professor Turner are worthy of the 
highest praise. The limits of this review permit the mention of only a 
few salient points: 

1. The magnitudes of the comparison stars were based on the photo- 
metric values given in Annals of the Harvard College Observatory, Vol. 37, 
but so combined with the results of the Rousdon comparisons as to repre- 
sent that work better, while keeping the general Harvard scale. This 
permits a direct comparison with the simultaneous Harvard observations 
of the same stars; perhaps the most important fruit so far borne by Profes- 
sor Pickering’s efforts toward co-operation in this field. 

2. To give a “bird’s-eye” view of the results, the mean light-curve 
for each variable is formed, and the deviations of the separate curves are 
given in tabular form—a very compact and satisfactory method, showing 
at a glance the star’s behavior and permitting a deduction of the correction 
to the assumed period. 

3. Light on the quality of the observations is therefore thrown from 
two sources—the deviations from the mean curve and the comparison with 
the simultaneous Harvard observations. Curious results follow: first, 
the deviations from the mean curve are disappointingly large, frequently 
more than a full magnitude both in the Rousdon and Harvard work; 
second, the large deviations in the one series are not usually confirmed 
by the other; thus the discordances between the series are still larger, 
amounting at times to more than a magnitude for slightly colored stars 
and more than two magnitudes for the deep red stars. One is at a loss to 
account for such large discordances (similar though shorter series known 
to the reviewer differ by three tenths of a magnitude at most), but they 
lead the editor to the weighty conclusion: 

4. “We are thus led to the important conclusion that the apparent 
deviations from a mean curve are due to the observer and not to the star; 
or, in other words, the variations of brightness in the variable are perfectly 
regular, though the difficulties of observing introduce apparent deviations.” 
The editor is thus led to undertake a preliminary harmonic analysis of the 
light-curves, but, though the results are promising, he concludes: ‘‘We are 
in face of a problem of some complexity, which will require the careful 
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discussion of all the material available, and not merely of one set of observa‘ 
tions; and such a discussion cannot be entered upon here.” 

5. Two things strongly urged by the editor for future work are: first 
the publication of detailed comparisons of the variables; second, the pub 
lication of mean light-curves. A careful study of the foregoing work fully 
justifies these recommendations. 
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NOTICE. 


The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention will be given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
“astronomy of position”); spectroscopic, photometric, bolometric, and radio- 
metric work of all kinds; descriptions of instruments and apparatus used in 
such investigations; and theoretical papers bearing on any of these subjects. 

In the department of Minor Contributions and Notes subjects may be dis- 
cussed which belong to other closely related fields of investigation. 

Articles written in any language will be accepted for publication, but 
unless a wish to the contrary is expressed by the author, they will be trans- 
lated into English. Tables of wave-lengths will be printed with the short 
wave-lengths at the top, and maps of spectra with the red end on the right, 
unless the author requests that the reverse procedure be followed. 

Authors are particularly requested to employ uniformly the metric units 
of length and mass; the English equivalents may be added if desired. 

If a request is sent with the manuscript one hundred reprint copies of 
each paper, bound in covers, will be furnished free of charge to the author. 
Additional copies may be obtained at cost price. No reprints can be sent 
unless a request for them is received before the JOURNAL goes to press. 

The editors do not hold themselves responsible for opinions expressed 
by contributors. 

The ASTROPHYSICAL JOURNAL is published monthly except in February 
and August. The annual subscription price for the United States, Canada, 
and Mexico is $4.00; for other countries in the Postal Union it is 18 shil- 
lings, 6 pence. Correspondence relating to subscriptions and advertisements 
should be addressed to 7he University of Chicago, University Press Division, 
Chicago, 

Wm. Wesley & Sons, 28 Essex St., Strand, London, are sole European 
agents, and to them all European subscriptions should be addressed. 

All papers for publication and correspondence relating to contributions 
and exchanges should be addressed to Editors of the ASTROPHYSICAL JOUR- 
NAL, Yerkes Observatory, Williams Bay, Wisconsin, U.S. A. 
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The date that governs the amount of these prizes will be the date you mail your predictions, as 
shown by the postmark on the envelope. 

We believe we shall secure more friends and more publicity for the Library in this way than by 
sans one hundred thousand dollars in magazine and newspaper advertising. 

We plan to add to this Library from time to time, and expect to do a larger annual business with it 
than has ever been done with any one set of books. So much to explain why we can afford to pay 
these large prizes, although we do not hope to make any profit on the present sale. 


These are the Twenty Volumes 


1, Tale of Two Cities 6. Jane Eyre 11. Vanity Fair 16. Romola 

2. Darwin’s Descent of Man 7. John Halifax 12. Tom Brown’s School Days 17. Irving’s Sketch Book 
3. First Violin 8. Lorna Doone 13. Last of the Mohicans 18. Emerson’s Essays 

4- Hypatia 9. Darwin's Origin of Species 14. Prince of the House of David 19. Thelma 

5. Ivanhoe 10. Uncle Tom’s Cabin 15. Robinson Crusoe 20. Last Days of Pompeii 


These twenty volumes represent a wide range of taste, but each one is unquestionably among the 
leaders of its class. Any one who is familiar with these twenty books will never lack a subject of con 
versation in any company. This prize offer will secure many new readers for these standard works, 
which should be in every home where the English language is read and spoken. Hon. William T. 
Harris, U. S. Commissioner of Education, writes: 


DEAR Mr. MERRILL—I am glad you are going to introduce a library of such good books into each 
family of our land. 

There are books which furnish keys to our experience and which explain to us great historical epochs 
and the growth of important national ideas—the birth of new convictions which by and by cause revo- 


lutions, political, industrial, and educational. You have books in your selection that are eminent 
examples of several types. You will deserve well of your country if you can persuade the ey »le to buy 
and read such books. Yours truly, WILLIAM T. HARRIS, 


Dr. Edward Everett Hale writes: 


“TI am much interested in your plan. The only wonder is that it has not been carried out before. 
Your list seems to me a very good one, and while, of course, | think I could improve it perhaps, | am 
sure that if you can circulate these books as you propose, it will be a great advantage to us all.” 

Truly yours, EDWARD E. HALE. 


The Washington Post, of Washington, D. C., one of the best newspapers in the United States, 
will decide who are the successful contestants, and to what prize each one is entitled. 
As to our responsibility, look up Merrill and Baker, New York, in Dun or Bradstreet. 


How the Prizes Will Be Awarded 


The entire reputation of our concern, with more than a million dollars capital and eleven years of 
successful book publishing, is pledged to the fair and square awarding and payment of these prizes. 
No one in any way connected with our establishment or with The Washington Post will be allowed to 
compete. Each prediction will be numbered, dated, and registered in a manner that will prevent mis- 
take or fraud. The correctness of the awarding of the prizes will be certified to by Gunn, Richards & Co., 
the well-known firm of expert accountants and business engineers, of 43 Wall Street, New York. 
The names of the ten most popular books will be published in the leading newspapers by Feb. 10. For 
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$ 150. to Everyone who Names the Ten Most Popular Books 


convenience of the Judge of the contest, and to 


revent any possible confusion with the rest of our 


business, this contest will be conducted entirely from Washington, D.C. Address all inquiries and 
redictions to Dept. 21, World’s Famous Book Contest, care The Washington Post, Wash- 


ngton, D.C. 


Use Your Own Brains and Consult Your Friends 


Look over the list carefully and make up your mind which 
ten volumes you would choose tor yourself if you could have 
ten of the twenty, and only ten.’ If you have average taste in 
books you won’t be far out of the way in naming the ten. 

Many learned and bookish people, among them Sir John 
Lubbock, have published lists of what they considered the 
world’s best hundred books, and some of the magazines have 
published articles regarding the world’s best books. Look up 


and see how the twenty mentioned here are rated in such lists. | 


Consult your local book dealer and find out which ten he 


Who May Predict. 


The price of each volume is $1.00. Each book is good, honest value for the dollar. 


| thinks will sell the best—which he has sold the most of. 
Consult the Librarian of any library to which you have 

access. 

Ask public and high school teachers and professors which 
ten are the best. 
| Then make your prediction. The more intelligence you 
put into making your predictions the greater your prospect 
of success. 

But do this quickly—at once—you must deter- 
' mine quickly to secure one of the larger prizes. 


Limit as to Time and Number 


For each vol- 


ume you buy you are entitled to make one prediction—that is, name the ten volumes which you think 
will prove most popular—will sell better than the other ten. You may buy any number of volumes up 
to twenty and make as many different predictions as you buy books. But no person will be allowed 
to make more than twenty predictions. 


Your Money Back if You Wish 


Any time within one week after you receive your books (one or more) you may return any or all of 
them and we will return your money—$1 for each book delivered to us in as good condition as you 
received it. We wouldn’t make this offer if the books were not a// right, would we? This return 
privilege applies to books bought by mail before Jan. 15th. Books ordered after Jan. 15th will not be 
returnable, because any withdrawals after that would complicate awarding the prizes. 


Those Who Answer Before Dec. 15 Win Most, Skill Being Equal 


The smallest prize ($100) is worth having for nothing—and 
it really costs you nothing, because fcr every dollar you invest 
you receive full value in books. 

Each volume is carefully printed from good readable type 
on unusually expensive and handsome laid paper, very white, 
with ample margins. There are appropriate full-page illustra- 
tions, an average of 614 to the volume. The books are consid- 
erably larger than the popular novel size and are bound in 
ribbed silk vellum, handsome and durable, with gilt tops and 
an ornamental back design stamped in gold. They will bea 
credit to your library shelves, 


Each book is full value for a dollar, and we guarantee that 
this price will never be reduced or cut. Not a volume of this 
edition will ever be sold for less than One Dollar. The entire 
object of this plan would be defeated if you were not pleased 
with the books you buy. We cannot hope to make any profit 
out of this initial sale. Our profits must come out of future 
sales in completing the set of which you buy a volume or more 
now, and in selling sets to your neighbors or friends who will 
learn of our library by seeing your books. Thus, as you must 
see, our success depends on your complete satis- 
faction with every book you buy. 


An Ideal Christmas Gift 


Can you conceive of a more appropriate Christmas gift than these books? They are ever welcome 
companions of the old and the young. You can give away the book and keep for yourself this most 
unusual opportunity to secure one of the prizes. 


Simpson Crawford Company, New York 
Jordan Marsh Co., - Boston 
Siegel Cooper & Co., - - Chicago 


Your right to predict will be the same 


These three stores will sell these books during the contest. 
whether you buy by mail from Washington, or at any of these stores. At the stores you can examine 
the books before buying. These store sales will be counted, of course, in the totals You may be 
sure these stores would not do this unless they were confident that we would do exactly 


as we promise. 

If you cannot visit one of these stores, send $1.00 for each book you want to Dept. 21, WORLD’S 
FAMOUS BOOK CONTEST, Washington Post, Washington, D. C., and the books will be sent you 
and the blanks on which to make your predictions. If you want further particulars before ordering, 
address Dept.21, WORLD’S FAMOUS BOOK CONTEST, Washington Post, Washington, D. C, 


MERRILL & BAKER, Publishers, New York City 
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**Infinite riches 
in a little room’”’ 


Current 


‘*Many 


Literature 


is an illustrated monthly magazine which gives the cream of the 
best things published, and in just the shape to be most helpful, 
attractive and interesting—everything that is worth reading, 
remembering and keeping. 

Current Literature is a magazine of Fiction and Poetry, of Sci- 
ence and Art, of Wit, Humor and Comment—a magazine of 
American Life. It tells you about the newest and best books 
and their authors; it reprints the best poetry; it reveals to you 
new discoveries in Modern Science, Medicine and Surgery; it 
gives interesting details of Travel and Exploration. It con- 
tains fascinating touches of the world’s wit, humor and cartoon 
work ; it shows you what is strange and interesting in Natural 
History; it discusses and gives the opinions (both sides) of 
authorities on all questions of interest and importance; it pre- 
sents a carefully prepared record of Current History with inci- 
dental and independent comment; it supplies just those things 
about which the members of every intelligent American house- 
hold should be well informed. Each department is presented 
in the simplest and most popular manner—technicality being 
dispensed with. To keep well posted—to get quickly at the 
gist of everything important that is going on the world over— 
you should read Current Literature. 

There is no magazine published on either side of the Atlantic that gives at the same time a larger 


quantity, better quality, and more interesting reading matter than CURRENT LITERATURE. It should 
be in every American Home, especially where there are young people.— The St. Louis Globe-Democrat. 


25 GENTS PUBLISHED MONTHLY $3.22,24 


A POSTAL CARD WILL BRING A SAMPLE COPY 
IF YOU MENTION THE ASTROPHYSICAL JOURNAL 


GURRENT LITERATURE PUBLISHING €0., 
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THE NEW CHRISTY-RILEY BOOK 


Aunt Mary’s 
UNIFORM WITH THE 
FAMOUS CHRISTY-RILEY BOOK 
‘‘AN OLD SWEETHEART 
OF MINE’”’ 


This is the first publication of the com- 
plete version of the famous poem, consisting 
of twenty stanzas, of which fourteen have 
never before been printed. 

By James Wuitcoms Ritey, with forty 
illustrations by Howard Chandler Christy. 

Beautifully decorated. Printed in two col- 
ors. Octavo, cloth, toxed, $2.00 postpaid. 


AN OLD SWEETHEART OF MINE 

By James Wuitcoms Riey, with nine- 
teen full-page pictures by Howard Chandler 
Christy. The authcr’s reading version com- 
plete. Octavo, boxed, $2.00 postpaid. 

AUTHOR’S EDITION.—The drawings repro- 
duced in phote gravure, printed on special paper, beauti- 


Drawings by Cray 


«<In Love’s Garden’’ is the exquisite 
Maidens fair 


of every zone are turned to flowers; in 


elaboration of a droll fancy. 


picturing them thus Mr. Clay has made a 
marvelously attractive volume,—a volume 
after the heart of all lovers of beautiful wom- 


en and all lovers of beautiful books. 


The plan and execution of this sumptuous 
work establish Mr. Clay as the artist laureate 


of the pretty girl. 


The book is printed on special paper, 
with more than forty drawings in color. 
8 x11 inches, decorated cover. 


$3.00 (in a box) postpaid. 


fully bound, $5.00 postpaid. " 


THE CIFT-BOOK OF THE YEAR 


in Love’ 


gs Garden 
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BEST 
FICTION 


Miss Rives’s New Novel 


THE CASTAWAY 
A Romance of the Loves of Lord Byron 
Byron’s genius, beauty, brilliancy, love affairs, and daring combine 
to make him our most romantic hero. His career is here recounted 


with marvelous sympathy and insight by Hatire Erminie Rives, author 
of «* Hearts Courageous.”’ 


Eight Illustrations in Color by Howard Chandler Christy. 
Price One Dollar Everywhere. (Postage 12 cents.) 


THE HAPPY AVERACE THE CIRL AND THE KAISER 


A delicious story of an American girl at the court of 
the strenuous Kaiser. Loved by two German officers, one 
rich and one poor, she cannot tell which to choose. The 
Kaiser attempts to straighten the complications, with 


A thoroughly American story of a young man who 
found himself; telling the fight of a young college graduate 
for a place to share with the girl he loved. It is instinct 


; 


es with ambition and success. unexpected results. 

By Brann Wurttocx, author of Infinit By Braprorp Macxie. Illustrated and 

t Variety." 12mo, cloth, $1.50 postpaid. decorated by John Cecil Clay. 12mo, cloth, $1.50 postpaid. 
By the author of ‘‘ The Mississippi Bubble.’’ By the author of ‘* Under the Rose.’’ 


THE LAW OF THE LAND BLACK FRIDAY 
— — A dramatic novel of 

A romance of the New York in the days 
Mississippi Delta. Mr. of the famous ‘* corner 
Hough’s knowledge of in gold.’’ At the end 
the race problem and the scene shifts to Paris 
the Southern view of it, at the time of the 
and his keen description Commune. 
of Northern misappre- Black Friday’’ 
hension, equal his tre- shows a steady advance 
mendous power as a in Mr. Isham’s power 
story-teller. as a story-teller. 

By Emerson Houcu. By Freperic S. 
Illustrated by Arthur I. IsHam. Illustrated by 
Keller. 12mo, cloth, Harrison Fisher. 12mo, 
$1.50 postpaid. cloth, $1.50 postpaid. 


HULDAH 


Here for the first time we have the great-hearted capable 
woman of the Texas plains. At her ‘* Wagon-Tire 
House ”’ she dispenses biscuits and genial philosophy. The 
kind of woman loved by the whole world, is Huldah. 


WANTED—A COOK 


An uproariously funny comedy-novel of a self-conscious 
couple in contact with the servant question, The farce 
and satire of the zsthetic-home-life-in-a-flat paradox, told 
in Mr, Dale’s brightly entertaining manner, all centering 

By Auice McGowan and Grace McGowan Cooxr. about the ludicrous predicaments with ‘* Cook. 


Illustrated by F. Y. Cory. 12mo, cloth, $1.50 postpaid. By Atan Date. 12mo, cloth, $1.50 postpaid. 


Miss Micuetson’s Famous Novel 


IN THE BISHOP’S CARRIACE 
«Something Doing All the Time’’ 
‘*To-day every one who reads novels reads ‘In the Bishop’s Carriage,’ and 
enjoys it.”’—The Critic. 
Speaker Cannon writes: ‘* When I finished ‘In the Bishop’s Carriage,’ I drew 


a long breath and felt I had forgotten everything else but the book, and regretted 
that there was not more of it.”’ 


By Miriam Micuetson. Illustrated by Harrison Fisher. 
12mo, cloth, $1.50 postpaid. 
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ILLUSTRATED CIFT BOOKS 
RILEY CHILD-RHYMES. A collection of the favorites of Mr. Riley’s delight- 
ful Child-Rhymes, illustrated by Will Vawter. 
RILEY LOVE LYRICS. Mr. Riley’s love songs illustrated with fifty studies 
from life by W. B. Dyer. 
Each of the above is bound in cloth, 12mo, $1.25 postpaid. 


RILEY FARM-RHYMES. The favorites of Mr. Riley’s songs of country life. 
Illustrated by Will Vawter. Cloth, 12mo, $1.00 net. (Postage 11 cents.) 


THE CREENFIELD EDITION 
The Greenfield Edition of Mr. Riley’s poems consists of eleven volumes, uniformly 
bound in cloth, with gilt tops and ornamental cover design in gold. Sold in sets only. 
I2mo, uncut, in oak case, $13.50; half-calf, $27.50. 


THE TRAIL TO BOYLAND 


The wide appeal and endearing quality of Mr. Nesbit’s 
poems remind one of Eugene Field at his best. 


THE BALLADS OF BOURBONNAIS 


A book of verse written in the delightful dialect of the 
French settlements in the Kankakee Country. 


By W. D. Nessir 
Vawter. 


By Wattace Bruce Amssury. Profusely illustrated by 
Will Vawter. 12mo, cloth, $1.00 net. (Postage 8 cents.) 


Five full-page drawings by Will 
12mo, cloth, $1.00 net. (Postage 8 cents. ) 


A DEFECTIVE 
SANTA CLAUS 


This is an entirely new poem 
in Mr. Riley’s happiest vein 
and matchless child dialect. 


A New Christmas Book 
by James Whitcomb Riley 


drollery of the poem and pic- 
tures are extremely infectious, 


“A Defective Santa Claus” 
is profusely illustrated by 
Will Vawter and C. M. Relyea 


Bound in ornamental cloth, 
1zmo, $1.00 net. (Postage 10 
cents. ) 


The book is fragrant with the 
kindly spirit of Christmas, of 
childhood’s innocence and hu- 
man love. 

The ecstasy of the child who 
tells the tale and the rollicking 


AT THE BIC HOUSE 


A charming collection of animal folk-tales of the South, 
told by two old ** mammies*’ to three children on a Vir- 
ginian plantation after the war. 

By Anne Vircinia Cucsertson. IIlustrated profusely 
by E. Warde Blaisdell. 12mo, cloth, $1.50 postpaid. 


TWO IN A ZOO 
A delightful relation of the interesting adventures of a 
lame boy and his little girl friend. The caged animals of 
the zoo impart to them their deepest secrets. 

By Curtis Dunnam. Forty illustrations by Oliver 
Herford. Quarto, cloth, $1.25 postpaid. 


FAMOUS BOOKS FOR CHILDREN « 
All by L. Fraxx Baum. $1.25 each, postpaid. 


THE WIZARD OF OZ. The story of Dorothy’s remarkable travels with 
the Scarecrow, the Tin Woodman and the Cowardly Lion. 

Printed on tinted paper and lavishly illustrated by W. W. Denslow. 

THE MAGICAL MONARCH OF MO. Fully illustrated in color by 
Frank Verbeck. Uniform wicn ** The Wizard of Oz."" 

THE ENCHANTED ISLAND OF YEW. _ Illustrated in color by Fanny 
Y. Cory, Uniform with Wizard of 

DOT AND TOT OF MERRYLAND. New edition. Illustrated in color 
by W. W. Denslow. Uniform with ** The Wizard of Uz.”’ 


THE LIFE AND ADVENTURES OF SANTA CLAUS. Profusely 
illustrated in colors, by Mary C. Clark. Uniform with ** The Wizard of Oz. 


WITH PICTURES IN COLOR, $1.25 EACH, POSTPAID 


BY JAMES WHITCOMB RILEY 
The 
wer — 
— 
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THE COST 
The characters in Mr. Phillip’s 
novel, ‘ The Cost,’ are genuinely, 
thoroughly, refreshingly Ameri- 
can,— people whorn you feel it 
would be a pleasure to know, — 


honest, prosperous, whole- @ 
souled.’’—Collier’s Weekly, 

By Davin GraHamM PuHILuiPs. 
With sixteen illustrations by 


Harrison Fisher. 12mo, cloth, 
$1.50 postpaid. ‘ 


THE YOKE 


A Romance of the Days when the Lord Redeemed the 
Children of Israel from the Bondage of Egypt. 


The people, press, and pulpit of America have united 
in reading and praising this remarkable taie of the Exodus. 


By Ornamental cloth, 12mo, 626 


| BEST 
FICTION 


pages, $1.50 postpaid. 


ZELDA DAMERON 
In ‘* Zelda Dameron ’’ 


is we find a picture of the 
Middle West at once start- 
lingly and attractively true. 

The heroine, Zelda, is a 
strange sweet mixture of 


pride, wiltulness, and lovable 


courage. 


By Merepirx Nicnot- 
son, author of ** The Main 
Chance.”’ With portraits 
of the characters by John 
Cecil Clay. Cloth, 12mo, 
$1.50 postpaid. 


THE WELL IN THE WOOD 


Here is a book for children that tells a real story. A 
little girl fastens a spray of Encnanter’s Nightshade in her 
hair, and learns to know the birds and beasts in a most sur- 
prising manner. The book is full of clever songs and 
verses, of the kind that children love. 

By Bert Leston Taytor. Illustrated in two colors by 
Fanny Y. Cory. 12mo, cloth, $1.25 postpaid. 


CRAFTERS 

Grafters’ is one 
of the best examples of a 
new and distinctly American 
class of fiction that finds ro- 
mance and excitement in 
business, pelitics, finance and 
law.’’— The Outlook. 

By Francis Lynpr, au- 
thor of **The Master of 
Appleby,’” with six illustra- 
tions byA.I. Keller. 12mo, 
cloth, $1. 5° postpaid. 


‘tA remarkable book of studio life, sustained in power 
and interest, strong in its characterizations and picturesque 
in its treatment of lite.’’—Harper’s Weekly. 


By Atice Woops Uttiman, author of ‘* Edges.’ 
Frontispiece by the author. 12mo0, cloth, $1.50  post- 


paid. 


THE MAN ON THE BOX 


Here is a yay romance of _ 
Washington today, full of 
dash and spirit, seasoned 
with a touch of tragedy. 

Mr. MaGrath knows 
how to compress a wonder- 
ful lot of action into his 
pages and the charm of his 
love stories is always ideal. 


author of ‘* The Puppet 4 
Harrison Fisher. 12mo, 

The adventures of Dickey in ‘ Fantasma Land’’ are 
that only grown-ups can appreciate. A book of great 


Crown’’ and The Grey 
A | 
cloth, $1.50 postpaid. 
amusing, instructive, refreshingly fantastic, but never tame. 
entertainment for all. 


By Harotp MacGrath, 
Cloak.’’ Illustrated by 
FANTASMA LAND 
Underneath the simple narrative is subtle criticism of life, 
By Cartes Raymonp Macauiey. With many 


illustrations by th: author 12mo, cloth, $1.25 postpaid. 


HER INFINITE VARIETY 


**A delight to the eye, and a really beautiful gift.’’ 

By Branp Wuir tock, author of The 13th District.”’ 
Twelve photogravures, from the drawings by Howard 
Chandler Christy. 12mo0, cloth, $1.50 postpaid. 


FOLLY FOR THE WISE 
One of the most exhilarating books of nonsense ever issued. 
By Carotyn Wetts. Illustrated by Gustave Verbeek, 
F. Y. Cory, Florence Scovel Shinn and Oliver Herford. 
12mo, cloth, $1.00 net. (Postage 10 cents.) 
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A. C. McClurg & Co. invite the 
public to visit their establishment 
and see the many changes that 
have been made in order to add 
to the pleasure and convenience 
of their patrons. | 


Two entire floors are now devoted to the display of the 
most complete stock of books and stationery in this 
country. This makes it possible to have wider aisles, 
a more logical arrangement and classification, admir- 
able light, and shelves and tables easier of access, in 
both salesrooms. 


@ On the first floor 


New and standard books of all kinds, new importations 
in rare books and fine bindings, fine stationery and 
engraving, and beautiful articles in metals and leather. 


@ On the second floor 


Books for children, theological and church books, sci- 
entific works, books at reduced prices, office supplies, 
inexpensive stationery, school books and supplies, and 
children’s games. 


A. C. McCLURG & CO. 


215-221 Wabash Avenue 
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Notable Improvements 
in 
Projection Apparatus. 


THE NEW REFLECTING LANTERN at- 
tachable to any Projection Lantern or Stereopticon, 
for showing upon the screen, prints, photos, engrav- 
ings, sketches, diagrams, flowers, Entomological and 
Anatomical Specimens, etc., all in natural colors, cuts 
in books may be shown without injury to the book. 

THE NEW PROJECTING MICROSCOPE 
attachable to any projection Lantern or Stereopticon 
with projection eye piece, mediascope for showing 
large micro specimens and cooling cell. 

THE NEW PROJECTION SPECTRO- 
SCOPES AND POLARISCOPES attachable to 
any Projection Lantern. 

Lantern Slides to illustrate Educational and Scienti- 

Lantern es on Geography. 
Lantern Slides on Physical Geography. 


TONAT. 
Lantern Slides on Geology. 


INTERNATIONAL 


Includes in the New Edition Lantern Slides on Natural History. 
25,000 NEW WORDS, Etc. 


Lantern Slides on Anatomy. 


New Gazetteer of the World Lantern Slides on American History. 
New Biographical Dictionary Lantern Slides on Engine 
ited by W. T. HARRIS, Ph.D., LL.D., santern on On 
United States Commissioner of Education. Slides on Mining. 
2360 Quarto Pages. 5000 Illustrations. 
iow Piates. Rich Bindings. w t slides at 1 tes. Send for lists i 
GET THE BEST pustioutar of | 
FREE ‘A Test in Pronunciation,”’’ instruc- WILLIAMS, BROWN & EARLE, 


tive and entertaining. Also illustrated pamphlet. Manufacturers of Stereopticons, Microscopes, etc., | 


G. &6 C. MERRIAM CO., Dept. 25 918 Chestnut St., Phila. 


Publishers, Springfield, Mass., U. 8. A. 


TO BE PUBLISHED SOON | | 


A Study of Stellar Evolution: A Popular 
Account of Modern [ethods of Astro= | 
physical Research | 


By Georce ELLery HALE 


The purpose of this book is to tell how the origin, development, and decay of celestial bodies is 
studied in a modern observatory. The remarkable advances in astronomy during the second half of 
the nineteenth century, including the development of great telescopes, the introduction of the spectro- 
scope and the many discoveries made with its aid, and the results obtained through the use of photogra- 
phy, have given the study of stellar evolution a prominent place in the work of many observatories. The 
explanations of instruments and methods are accompanied by illustrations, and the most recent astro- 
: nomical photographs obtained with the telescopes of the Yerkes Observatory are reproduced in a series 
of plates. 


| The University of Chicago Press 
| CHICAGO, ILLINOIS 
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A Fine 
Gift at 
All Times 


A Fine 
Christmas 
Gift 


STIRRING PICTURES 


CHARLES M. RUSSELL 
The Cowboy Artist | 


Will be given free to every purchaser of the new book 


HOPE HATHAWA 


By FRANCES PARKER 


Send at once and secure these 
eight pictures of Western life. 
Exact size and true reproduc- 
tions of originals, each bearing 
the artist's signature, and all 


ready for framing. 


“Hope Hathaway” is 
another strong Western 
story of Montana ranch 
life by the author of 
“Marjie of the Lower 
Ranch.” 


Send at once for 
‘‘Hope Hathaway”’ 
and receive these eight 
Stunning Pictures. 


~ 


At all booksellers’ or sent postpaid by the publishers. Price, $1.50. 


These pict- 
ures are for 


| Price, $8. per 


Cc. M. CLARK PUBLISHING COMPA 


**Hope 
Hathaway’”’ 
| is beautifully 
bound and 
fully illus- B 
trated. 


NY (Inc.), BOSTON, MASS. 


| | | | 
| 
| 
| 
| 
| 
— wren ates 
| _ 
| 
| 
| 


' When calling please ask for Mr. Grant 


Light Waves and 
Save on Books Uses 


Whenever you need any book, or 
any information about books, write 
to me and you will receive prompt 
+ attention and low prices. 


Eight Lectures Delivered Before the 
Lowell Institute in 1899 


Illustrated by 108 Text Figures 


iy Stock of Books and 2 Colored Plates ... . 


in all departments of literature is By ALBERT A. MICHELSON 


very complete. Professor and Head of the Department of Physics 
| Director of Ryerson Physical Laboratory | 


An Assortment of Catalogues 


| and special slips of books at re- Issued as Volume III of the Second 
j duced prices sent for a t1o-cent Series of the Decennial Publications of 


the University of Chicago, pp. xii-+-164, 
stamp. 8vo, cloth, net, $2.00; postpaid, $2.15 


F. E. GRANT 
23 West Forty-Second Street,New York | |] che University of Chicago Press 


| 


Mention this advertisement and receive a discount. CHICAGO, ILLINOIS 


Ghe Great English Magazines 


Do you know them—know what they are publishing— read them — sub- 
scribe for them? There is the Edinburgh Review and the Quarterly; the 
Contemporary, Fortnightly, Monthly, and Nineteenth Century Reviews; 
Blackwood’s, Cornhill, Temple Bar, Longman’s, Macmillan's, and Pall Mall 
Magazines; the Spegetor, the Saturday Review, and others. No matter how | 
many American magazines you read, you cannot afford to altogether pass by 
our English contempararies. 

The LivinG AGE for 1904 has contained important articles relating to 
European and American politics and to affairs in the far East. There have 
| been notable scientific articles, valuable essays, sketches of travel, etc. The 
fiction has been of a high order — both serial and short stories ; the best new 
English poetry has also been given. 

With all its splendid record for over sixty years, never has the LIVING AGE 
been more valuable or essential to the reader of cosmopolitan tastes than it 
will be for the coming twelve months. 

Published every Saturday, subscription $6.00 a year. A year’s subscrip- 
tion sent now will include the remaining issues for Igo4 free. A trial sub- 
scription three months, thirteen numbers, for one dollar. Address, 


i THE LIVING AGE CoO. 


13‘; Bromfield St. BOSTON 
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Send 25 cents for 
25 Art Subjects, or 
25 Madonnas, or 
25 On Life of Christ, or 
25 Lands apes, or 
25 Dogs, Kittens, etc., or 
25 Authors and Poets, or 
25 For Children 
Each set in a portfolio, or 
33 Pictures in Colors, or 
Art Booklet, Madonnas. 
or 50 cents for 
so Perry Pictures, assorted, or 
25 Pictures in Colors, Birds,etc.,or 
11 Perry Pictures, Extra Size, or 
Portfolio 25 Pictures, New 
York Edition, 7x9. Gems 
of Art. @ Order to-day. 
[Sistine Madonna. The one-cent 
pictures are 6to 10 times this size.] 


Tremont Temple, BOSTON 


Send 50 cents for 
These 11 Extra Size, 10 x 12. 
Sistine Madonna 
Holy Night 
Feeding Her Birds 
Shepherdess 
Baby Stuart 
Horse Fair 
Angel Heads 
Christmas Chimes 
Pharaoh's Horses 
Christ and Doctors 
Sir Galahad (Call it set roo) 
Or these and 12 others for $1.00 
Or 11 Madonnas. 
Or 11 for Children 
Or 11 of Animals 
for 50 cents 
These 3 sets for $1.40 
Satisfaction guaranteed 


Bor Opristmas Gifts Whe Perry Pictures 


ONE CENT EACH for 25 or more; 120 for $1.00. Postpaid 


Send $1.00 for 
‘o New York Edition, or 
ristmas Set, No. 2, 120 pictures, 
4 x8,allin the new Boston 
Edition, no two alike, or 
120 Perry Pictures, your own se- 
lection from 2,000 subjects. 
©r The Perry Magazine. 
or $1.50 for 
The Perry Magazine and 
so New York Edition, or 
50 Pictures in Colors—to new 
subscribers only, limited time. 
Send three two-cent 
stamps for Catalogue of 
1,000 miniature illustra- 
tions and two pictures. 
Gold Medal, Paris Exposition, 


Gold Medal, St. Louis Exposition, 1904 


THE PERRY PICTURES COMPANY, Box 501, Malden, Mass. 


Send all Mail Orders to Malden Office 


146 Fifth Avenue, NEW YORK 


The Prospects of 
the Small College 


Voltmeters 


—AND— 


Ammeters 


THE WESTON stanoarb 


By R. Harper 
President of the University of Chicago Portable \ 
12mo, paper; postpaid, 25 cents Accurate = 
Reliable and 
Sensitive 


The University of Chicago Press 


CHICAGO and 156 Fifth Avenue NEW YORK 


A Complete Catalogue of Publications Sent on Request 


WESTON ELECTRICAL INSTRUMENT CO 
Waverly Park, NEWARK, N. J. 
Berlin—European Weston Electrical Instrument Co., Ritterstrasse No.88 

ondon—Elliott Bros., Century Works, Lewisham. 


Paris—France: C. H. Cadiot, 12 Rue St. Georges. 
NEW YORK OFFICE—74 Cortlandt St. 


The 


cA JOURNAL OF EXPERIMENTAL AND 
THEORETICAL PHYSICS 


Conducted with the co-operation of the 


AMERICAN PHYSICAL SOCIETY 


EDWARD L. SHNICHOLS, ERNEST SMERRITT and FREDERICK SBEDELL 


Published Monthly 


Sample copy upon request 


THE MACMILLAN COMPANY 


66 Fifth Avenue, NEW YORK 


Annual Subscription, Five Dollars 
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The Grand Prize 


has been awarded 


The Prudential 


The St. Louis Exposition. 


This is the 


Highest Honor 


ever conferred upon a Life Insurance Company of this or 
any other country at any International Exposition! 


THE 
PRUDENTIAL 

INSURANCE | 
COMPANY | 


OF AMERICA. 


— 


Home Office, 
Newark, N. J. 


JOHN F. DRYDEN, President, 


Write for information of Policies. Dept. % 
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Staying Power 


FOR THE 


TIRED BRAIN 


Horsford’s Acid Phos- 
phate keeps the mind clear, 
the nerve steady and the 
body strong—a boon to the 
overworked officeman, 
teacher and student. 


Horsford’s 
Acid 
Phosphate. 


From the Greek 


SOZO—to preserve 
ODONTES —the teeth 


True to its name 
it has ever been the 
old reliable 


Sozodont 


HALL’ & RUCKEL 


NEW YORK 


MENNEN’S 


Toilet Powder 


id Prese 
On. A positive rel; 
an 


et for 


Im 
fau 


ay? air and sickness are caused by OIL and GAS Stoves, 
ty furnaces, and dry steam heat. In every living room 
keep an open vessel containing water and 


Platts Chlorides, 
THE ODORLESS DISINFECTANT 
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PERPETUAL PENCILS 


Just Press the Top for a Firm Sharp Point. Absolutely Guaranteed a year. 
PENCIL AND 33 LEADS ar peacens’ on sent POSTPAID on necutrt or c 


AMERICAN LEAD PENCIL CO. 
68 East Washington Square, N. Y. Write for 
28 Farringdon Ave., E. C., Agents’ Proposition B. 5. 


THE UNIVERSITY OF CHICAGO PRESS 


Educational and Scientific works printed in English, German, 
French, and all other modern languages. LZstimates furnished. 


58TH STREET AND ELLIS AVENUE, CHICAGO, ILLINOIS 


Unit Vertical Filing Systems 


Che Land of Manatee 


described and illustrated, 
its wonderful resources 
shown, and its strange and 
absorbingly interesting 
history, recounted in the 
Seaboard Magazine. 


SENT FREE ON REQUEST 


J. W. WHITE, General Industrial Agent 
PORTSMOUTH, VIRGINIA 


Library Bureau Seaboard Air Line Railway 


Boston New York Chicago 
Send for Catalog 


The University of Chicago Press 


HE books and periodicals published by the University of Chicago Press 
appeal particularly to purchasers of books other than fiction: and every 
dealer should familiarize himself with our list, so that he may pre- 

sent a books to interested customers. Our publications are also 
especially desirable for libraries who aim to supply their patrons with the 
more solid current books and magazines. Consult our catalogues for par- 
ticulars, or write to either our eastern or home office 


CHICAGO, and 156 Fifth Avenue, NEW YORK 
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j. 
LAURENCE 
LAUGHLIN 
of the University 

of Chicago 

Higher 
Commercial 
Education 


A. W. 
SULLIVAN 
of the Illinois 

Central Railroad 
Railway 
Management 
and 
Operation 


GEORGE G. 
TUNELL 
of the Chicago & 
Northwestern 
Railway 

Railwa 
Mail Service; 
A Historical 

Sketch 


E. D. 
KENNA 
of the Atchison, 
Topeka & Sante 
e Railway 
Railway 
Consolidation 


LUIS 
JACKSON 
of the Chicago, 
Milwaukee & St. 
Paul Railway 
Railways as 
Factors in 
Industrial 
Development 


PAUL 
MORTON 
of the Atchison, 
Topeka & Sante 
Fe Railway 
Some 
Railway 
Problems 


FRANKLIN 
H. HEAD 
of the Continental 

Casualty Co. 

The 

Steel 
Industry 


JAMES H. ECKELS 
D. R. FORGAN of the Commercial;National Bank H. K, BROOKS H. F. Be 
of the Plest National Bank The Genes — & of the of the American Express Co. PORTER 
iicago 
Investments Foreign Exchange 
The Methods of Banking The History 
4 of the 
ArtofForging 
US N SS 
BARTLETT 
is gained by men who know how—who yee, 
have a thorough understanding of the & Co. 
methods employed in modern commercial washes 
life. The University of Chicago Press, in 
reproducing a course of lectures delivered at 
the University of Chicago, on modern busi- 
ness procedure, has rendered a real service JOHN LEE 
to all who would have a first-hand knowledge MAHIN 
of the routine followed in present-day in- Advertising Co. 
dustry and who would thus equip themselves a 
towork along similar lines. This book, entitled OValue of 
Advertising 
(edited by Henry Rand Hatfield), is now in 
its second edition. It is packed full of val- DORR A. 
KIMBALL 


uable information, interestingly told. The 
names and subjects in the margin of this 
advertisement guarantee the reliability of 
the volume; the reviews here quoted give 
the opinions of impartial critics. 


FROM THE REVIEWS 


**The book contains an astounding 
amount of information.’ — Chicago 
Fournal, 


“We have no hesitation in com- ~ 


mending this volume as a really val- 
uable handbook."’—- Tie Outlook. 

“This is a book of unusual interest 
and great practical value."’— S¢. Paud 
Pioneer. 

“One of the most informing books 
ever put out by a university."’— CAz- 
cago Daily News. 

** These papers make most interest- 
ing and instructive reading.'’— 7he 
Dial. 


396 pp., 8vo, cloth, $1.50 net; $1.63 postpaid 


Published by 


The University of Chicago Press 


CHICAGO and 156 Fifth Avenue NEW YORK 


Send for our Catalogue 
of Publications 


“The volume is of special interest 
and will be found of practical value to 
railway men, economists, investors, 
and commercial educators.’’— 7he 
Railway Age. 


“The book contains much that will 
be of value to the young man seeking 
to improve his knowledge of the sub- 
jects treated.""— Pittsburg Times. 


“ This volume is of unusual interest, 
and the lectures are on subjects of 
value to economists, railroad men, in- 
vestors, and commercial educators.""— 
The Courter Fournaé (of Louisville). 


Please send 


I inclose (or will remit) $1.63. 


Copy of your Lectures on Commerce, for which 


of Marshall Field 
& Co. 


The Credit 
Department 
of Modern 
Business 


A. F. 
DEAN 
of the Springfield 
Fire and Marine 
Insurance Co. 
Fire 
ce 


University 
of Chicago Press 


CHICAGO, ILL. 


me, all charges prepaid, a 
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“FOLLOW THE FLAG.” 


TAKE THE WABASH 


SAINT LOUIS 


THE ONLY LINE 


THE WORLD’S FAIR 


MAIN ENTRANCE. 


F. A. PALMER, A. G. P. A., 
311 MARQUETTE BLDG., CHICAGO 


Receives the rd 


UNDERWOOD TYPEWRITER 
by the International Jury of the 


LOUISIANA PURCHASE EXPOSITION, 


§t. Louis, Mo. 


FIRST GRAND PRIZE, ST.LOUIS, 1904 
Grand Diploma of Honor, St. Petersburg, 1904 C 
. Diploma of Honor, Rome, 


Voted to = 


\ 


Grand Prix, Limoges,1903 
Grand Premium, ome, 
1902 
Grand Diploma, Ven- 
e, 1901 


Gold “Medal Pan. Ameri- 


can Buffal 901 
Gold 


new catalogue 
A of the booksand 
periodicals pub- 
lished by the Univer- 
sity of Chicago Press 
has just been issued. 
Those interested in 
learned and scientif- 
ic works may obtain 
a copy free by ad- 
dressing 


THE UNIVERSITY of CHICAGO PRESS 
CHICAGO OR 156 FIFTH AVENUE NEW YORK 


PRIDE ACOCKHORSE 10 BANBURY CROSS, 
SEE A FINE LADY UPON A WHITE HORSE, 
INGS ON HER FINGERS,AND BELLS ON HER TOES, 
SHE SHALL HAVE MUSIC WHEREVER SHE GOES, | 


So SINGS THE FOND MOTHER IN NURSERY RHYME 

TO HER GLAD INFANT, THE WHILE KEEPING. TIME; 

AND SO CAN ALL MOTHERS WITH TUNEFUL REFRAIN: |) 

DELIGHT IN THEIR INFANTSWHOSE HEALTH THEY MAINTAIN, 

THROUGH 

MRS. WINSLOWS SOOTHING SYRUP 
OVER FIFTY YEARS SOLD 


Jo MILLIONS OF MOTHERS IN THE NEW WORLD AND OLD) 
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Established 1860 
150 Varieties 


Esterbrook’s 
Steel Pens 


Sold Everywhere 
The Best Pens Made 


The Esterbrook Steel Pen Co. 


auea Camden, N.J. 26 John St., N. Y. 


All over the civilized world 
THE IMPROVED 


BOSTON 
GARTE 


IS KNOWN AND WORN 
Every Pair Warranted 
The Name Is 


CUSHION 
BUTTON 
CLASP 
Lies flat to the leg——never 
ay Slips, Tears nor Unfastens 
> ALWAYS EASY 


ceo. Frost Mok 
ere, 
Cotta, Boston, Mass., U. $. A. 


REFUSE ALL SUBSTITUTES 


Winter Courist 
Cickets 


TO POINTS IN 


FLORIDA 


AND THE SOUTH 


ARE NOW ON SALE VIA THE POPULAR 


Big Four Route 


AT VERY LOW RATES, GOOD UNTIL 
JUNE 1, 1905, FOR RETURN, ALSO 
GOOD FOR STOP-OVERS, ETC. 


Ask agents for tickets, via the “Big Four,” 
on sale at all stations, or address 


J. C. TUCKER, General Northern Agent, 
238 Clark Street - - CHICAGO 


Pen Extravagance 


SOME writers dip ; that's waste- 
ful in a dozen ways, and so 
clumsy! Others who use Foun- 
tain Pens don't yet know that 
ink joints under the finger-grasp 
and other ‘‘ good old’’ features 
are costlyenough. Contrast the 
comfort and neatness insured to 
pen of the Middle Joint ‘‘ Mod- 
* Fountain Pens made and 
saedent by A. A. Waterman 
‘Co. Look for the ‘A. A.” 
and the word ‘‘Modern"’ and 
ou’ll find the way to true Pen 
< nomy. 
The most exacting pen user 
can be suited. 


A. A. Waterman & Go. 


22 THAMES ST. NEW YORK 


DEPT. G. 
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Ew Phrasing Lever has happily been called ““The Heart 
of The ANGELUS.” It seems almost literally to 
imbue this wonderful instrument with life. The Phrasing 
Lever gives you just as little or just as much life, shading, 
phrasing, individual expression, or personal sympathy as you 
want, be your music classic or popular, sacred or operatic. 
Yes, you can play without touching The Phrasing Lever 
and still play one note after another in exactly the proper 
time, use loud or soft pedal, and even accent any certain 
notes or passages. You can do all of this without The 
Phrasing Lever, but it will leave you cold and unmoved. 
But then begin using The Phrasing Lever and it will 
completely transfigure your playing, interpret instantly your 
mood and feeling—your very thoughts and fancies. Then 


only an ANGELUS will satisfy you 


for only The ANGELUS has The Phrasing Lever. 


Purchased by Royalty and the world’s greatest musicians. Send for 
(free) handsome booklet and the name of the nearest agent. 


THE WILCOX & WHITE CO. 
Established 1876 MERIDEN, CONN., U. S. A. 
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“THE ONLY WAY’ 


BETWEEN 
CHICAGO 
ST. LOUIS 

KANSAS CITY 


AND 


PEORIA 


Handsomest, most 
luxurious trains in the 
world; completely 
rock-ballasted road- 
bed, no dust, no dirt, 
no smoke, no cinders. 


THE 
ALTON’S 
(1905 
GYPSY 
GIRL 


Copyright, 1904, the 
Chicago & Alton Railway Co, 


"and **Cow- pe 

“Girl Art Calendars.” CALENDAR> 
Five SHEETS, Eacu 10X15 


SEND 25 CTS. 
with name of publication in which you read this advertise- 
ment, to GEO. J. CHARLTON, General Passenger Agent, 
Chicag« » & Alton Railway, ock Box 618 CHICAG oO, ILL. 
and get the handsomest calendar ofthe year. Four gracefu 
— in colors, unmarred by advertisements and ready for 
raming. 


“The Universal Perfume”’ 


Most delightful, 
Most refreshing, 
Most lasting, 
Most popular. 


LANMAN’S 


FloridaWater 


FOR THE 


HANDKERCHIEF, 
DRESSING - TABLE 
AND BATH. 


i Is beyond a question the 
best of all 
Toilet Perfumes. 


THE 


Park Alcademy 


FOR BOYS—— 


Is a constituent part of The University of Chi- 
cago, and is situated in the beautiful village of 
Morgan Park, eight miles from the city site of 
the University. This situation is most favorable, 
affording healthful surroundings and spacious- 
ness of grounds. 

The Faculty of the Academy consists of eleven 
men, all college graduates, well-trained in their 
departments. 

he courses include Manual Training and 
meet the entrance requirements of all the lead- 
ing colleges and technical schools. 

ts seven buildings, all of brick and stone, 
consist of three dormitories, the new gymnae 
sium, the library containing 6,000 volumes, the 
well-equipped science laboratory, and the recie 
tation building. 

The Academy's ideals are to develop the best 
possible manhood in its students and to this end 
all its discipline is directed. Especial effort is 
made to teach boys how to study and to form 
habits of work. The students’ interests, athletic, 
literary, social, musical, and religious, are well 
sustained. 

The expenses vary from $250.00 to $450.00 
per year. Forty-five scholarships are given in 
recognition of excellence of effort. 


THE FALL TERM BEGINS SEPTEMBER 20TH 
FOR ILLUSTRATED CATALOGUE ADDRESS 


DEAN WAYLAND J. CHASE, Morgan Park, Ill. 


The bottom layer 


of a box of 


and surprises 
as the top layer. 
sos Ave. The Goodness, 
2tW.42nd.ST. Freshness & Purity 

isthe same all through. 


CANDIES SENT EVERYWHERE BY MAIL OR EXPRESS. 
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THE EUREKA REMOVABLE 


MEMORANDUMS 


Fill up one book, simply slide out 
of cover and put in new tablet 


ONE COVER WILL OUTWEAR 6 TABLETS 


= 


. 
34%x5%.. 

Sent pesteeit on receipt of price 


Ss. D. CHILDS @ CO. 


WHOLESALE AND RETAIL STATIONERS 
200 Clark Street CHICAGO 


THE ONLY REAL 

AT A LOW PRICE 

It combines UNIVERSAL KEYBOARD, STRONG 
MANIFOLDING, MIMEOGRAPH STENCIL CUT- 
TING, VISIBLE WRITING and INTERCHANGE- 
ABLE TYPE. 


The Postal will be sent on one week's trial, 
Write for our Booklet and Instalment Plan. 


REMOVAL NOTICE. 
The favor which the Postal has met since 
~ first appeared on the market 18 months 
has necessitated a factory, 
~ ich we now have at Norwalk, Conn. 


Postat Typewriter Co., Dept. 30 
Main Office & Factory, Norwalk, Conn. 
1140 Broadway, New York. 
115 Dearborn Street, Chicago, 
RELIABLE AGENTS WANTED. 


HOW DOES THE LEAD 
GET INTO THE PENCIL? 


HIS has puzzled a quest many, but if you would 
like to know, so that you can explain it to a 
class, send us this advertisement together with 

oe. name and address, and we will send youa little 

k that tells the whole story. The process of man- 

ufacture is not the result of an inspiration, but the 
roduct of much care, thought, and skilful manipula- 
ion. 

If you are a teacher, we will in addition to the 
book send you samples "of our pencils so you can try 
them in your school and see how useful they are in 
the many kinds of educational work. 


JOSEPH DIXON CRUCIBLE CO. 


JERSEY CITY, NW. J. 
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FORTY YEARS 
of EDUCATION 


im the Piano business 


4 We ought to know something about Pianos. 
Others think so, for we do the largest retail Piano 
business in the world. 

{ We are agents for 24 different makes of Pianos 
and have over 600 individual Pianos on our floors. 
{The prospective purchaser can make compari- 
sons here that would be impossible elsewhere. 
Then, too, we can meet your views in regard to 
price, for we have Pianos from $125.00 up. 

{1 We sell Pianos on such terms of payment that 
no home need be without this necessary and 
artistic acquisition. 


A Good New Piano for Rent 
$4.00 per Month 


{| Let us send you our handsome Piano book. It 
is free for the asking. Write today. 


38 ADAMS STREET, CHICAGO 


Say that YOURS isa 


STECK 


The ‘‘Old Reliable’? Piano 


and you will have convinced any competent 
critic of the soundness of your judgment. 


Catalogue No, 10 free 
Warerooms, 136 Fifth Ave., New York 


The Prospects of 
the Small College 


By Harper 
President of the University of Chicago 


12mMo, paper; postpaid, 25 cents 


The University of Chicago Press 


CHICAGO, ILLINOIS8 


A Complete Catalogue of Publications Sent om Request 


MICROSCOPES 


Our Microscopes, Microtomes, 
Laboratory Glassware, Chemical 
Apparatus, Chemicals, Photo 
Lenses and Shutters, Field Glasses, 
Projection Apparatus, Photo-Micro 
Cameras are used by the leading 
Laboratories and Government De- 
partments Round the World. Gatalegs 


Bausch é Lomb Opt.Co. 


ROCHESTER, N. Y. 
New York Chicago 


Boston Frankfurt, v 


DENTACURA 


Differs from the ordinary 
dentifrice in minimizing 
the causes of decay. En- 
dorsed by thousands of 
Dentists. It is deliciously 
flavored, and a delightful adjunct to the den- 
tal toilet. In convenient tubes. For sale at 
drug stores, 25c. per tube. 
AVOID SUBSTITUTES 


DENTACURA COMPANY, 


Newark, N. Jog U. Ss. A. 
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Decennial Publications 


THE UNIVERSITY OF CHICAGO, 1892-1902 


Now Ready 


Quarto, SilK Cloth 


The President’s Report, covering the administration of the 
VOLUME I University during the first ten years of its existence. The his- 
tory of the institution is presented in an exhaustive introduction, 
exliv-+574 pp., $4.50, met and the body of the work contains many valuable statistics 
: bearing on the first decennium. 
I VOLUME II The President’s Report, containing a detailed and classified 
185 pp., $3.00, et list of the publications of the members of the University during 
cs (In paper, $2.50, se?) the period 1892-1902. 
Including papers on Theology, Church History, Philosophy 
VOLUME III and Education. A volume of great interest t0 Scenes 
students of philosophy, and teachers in high schools, normal 
S 244 pp., $3.00, met schools, colleges, and universities. 
Devoted to Political Economy, Political Science, History, and 
VOLUME IV Sociology. The ene making up this volume are invaluable 
353 PP-, $4.00, net to those who would know what progress is being made in the 
several fields represented. 
VOLUME V An interesting series of writings on the Semitic Languages and 
0 Literatures, Biblical and Patristic Greek. Of especial value 
S 250 pp., $4.00, met to theologians and students of Orientalia. 
Treating the Greek and Latin Languages and Literatures 
VOLUME VI Sanskrit and Indo-European Comparative Philology, Classi- 
288 pp., $3.50, met cal Archeology. A book that should be in the hands of 
oe every student of the classics. 
Includes a series of papers on the Romance and Germanic 
R VOLUME VII Sooeeeeeas yom ean and on the English Language 
and Literature. All students of modern languages would read 
347 PP-» $4.00, net this volume with profit. ee 
The papers and plates in this volume are essential to the 
I VOLUME VIII student of Astronomy and Astrophysics. The results of 
414 pp., $6.00, net _— of the latest researches are here published for the first 
me. 
E A series of thirteen papers on Mathematics, Chemistry, Phys- 
VOLUME Ix ics, and Geology that will prove of immediate interest ’to stu- 
Ss 206 pp., $3.50, et dents of the sciences. 
The most interesting collection of papers and plates on the 
VOLUME xX Biological Sciences now available within a single cover. Every 
396 pp., $10.00, met 7 th a distinct and valuable contribution to the literature 
of biology. 


The University of Chicago Press: 


All of the contributions to these voiumes are 
issued as separates in paper covers and are now 


Please send me your special Decennial Cat- available in that form. Full information in 
alogue containing information about reprints our special catalogue, sent on request. Simply 
and separates of the papers in the First Series, detach and mail the adjvining coupon. 


as here advertised. 


At all booksellers, or order direct from 


The University of Chicago Press 


CHICAGO, ILLINOIS 
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Decennial Publications 


THE UNIVERSITY OF CHICAGO, 1892-1902 


Now Ready 


Large 8vo, SilK Cloth 


VOLUME I The Life and Repentaunce of Marie Magdalene 
xxvi-+-92 pp., $1.50, net Edited by FreprERic Ives CARPENTER 
VOLUME II The Second Bank of the United States 
xvi-+-538 pp., $3.00, set By Ratpu C. H. 
VOLUME III Light Waves and Their Uses 


166 pp., $2.00, met 


By ALBERT A. MICHELSON 


VOLUME IV 
xvi-+-142 pp., $6.00, met 


Assyrian and Babylonian Letters Belonging to the 
Kouyunjik Collection of the British Museum 
By ROBERT FRANCIS HARPER 


VOLUME V The Poems of Anne Countess of Winchilsea 
cxxxiv-+436 pp., $3.00, nef By Myra REYNOLDs 
VOLUME VI La Perfecta Casada, por el Maestro F.Luy Je Leon 


xxviii-+120 pp., $1.50, met 


By ELIZABETH WALLACE 


VOLUME VII 


xviii+-182 pp., $2.00, set 


Legal Tender: A Study in English and American 
Monetary History 
By SoPpHONISBA P. BRECKINRIDGE 


VOLUME VIII 
xiv-+150 pp., $1.50, met 


The Role of Diffusion and Osmotic Pressure in 
Plants 
By Burton E. LIvINGsTON 


VOLUME Ix 
xvi+578 pp., $4.00, net 


A History of the Greenbacks, with Special Reference 
to the Economic Consequences of Their Issue 
By WESLEY CLAIR MITCHELL 


VOLUME XI 
xiv-+-388 pp., $2.50, met 


Studies in Logical Theory 
Edited by Joun DEweEy 


VOLUME XVIII 
xviii+-126 pp., $1.50, met 


Physical Chemistry in the Service of the Sciences 
By Jacosus H. van’t Horr 
English version by ALEXANDER SMITH 


Complete sets of these Decennial 
Publications are especially suitable 


for library use. Write us about it. re eee 


At all booksellers, or order direct from 


The University of Chicago Press 


CHICAGO, ILLINOIS 


The University of Chicago Press: 


Please send me your special catalogue de- 
scribing both series of the Decennial Publica- 
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has been awarded to the 
LOFTIS SYSTEM WX 
the Judges at the Saint Louis Exposition. a \ 
‘This is the highest endorsement possible, and 
puts the official stamp of the greatest exposition 


ever held upon our gcods, prices, terms and meth- 
ods, against all competition, foreign and domestic, 


It is the system 
What is Loftis System? 
the far-away buyers to ect the finest Diamonds, Watches and Jewelry 
from our beautifully illus. ted catalogue and have them sent to their home, 
place of business or express office on approval. You need not pay one penn 
for express charges or otherwise—we pay, everything—leaving you free to decide 
whether to buy or not after the fullest examination of the article sent. 


If what we send meets with your entire approval, you pay 
Credit Terms. one-fifth on delivery and keep the article, sending the balance 
to us direct, in eight equal monthly payments. These terms make anyone’s credit good, and 


it us to open cenfidential chases necounte with all classes and conditions of people. The 
dollar a week employe is just as welcome as a customer on our books as is his wealthy employer, 


We also have a cash plan, and it is just as far beyond competition as our 
Cash Terms. easy payment terms, Read this: P mcod any Diamond and pay cash for it, 
and we will give you a written agreement that you may return the Diamond anytime within one year, 
and get all you paid for it—less ten per cent. You might, for instance, wear a fifty dollar Diamond ring 
or stud for a year, then bring or send it back to us and get forty-five dollars, making the cost of 
wearing the Diamond for a whole year, less than ten cents per week. 

With every Diamond we give a written guarantee of 

Guarantee and Exchange. quality onl value signed by a member of the firm. We 


also accept any Diamond ever sold L-/ us as 80 much money in exchange for a larger Diamond or other goods, 
Every transaction with our house will be satisfactory—our record is a guarantee of that. In 1858 a very small 
jewelers shop—today the largest house in the business, and winner of the World’s Exposition Gold Medal, 


oy . Don't wait to make Christmas selections for you can save time 
Christmas Selections. money and wo! by doing itnow. We have Christmas gifts suitable 
for friends, relatives and loved ones, all at low prices and on terms to suit any purse. Don’t make the mistake 
of buyi something cheap or trashy—the same money would make the first payment on a beautiful Diamond 
ring, stud, brooch, locket,a pair of cuff buttons or earrings, or a fine watch. A Diamond is the ideal gift fora 
loved one—it lasts forever, and every day reminds the wearer of your regard and good judgment. 


} Our handsomely illustrated Christmas Catalogue is 
Christmas Catalogue. ready and will be sent postpaid on request. Write for it 
today,and do not make a single selection until you have received it. It will save money for you, 
and is the best possible guide you can have to reliable goods, satisfactory dealings and convenient 
terms of payment. Notwithstanding the fact that we have the greatest capacity and best facilities 
in the world for handling business expeditiously and satisfactorily, we strongly urge upon you the 
advisability of ordering your selection early. Our Christmas business is something enormous; 
mistakes are vexatious; delays are dangerous. Write.today. 


Souvenir You will receive in addition to our Christmas Catalogue a copy of our 
* beautiful Souvenir History of Diamonds, more than a million copies of 
which have been distributed at our Diamond Cutting Exhibit in the Varied Industries 
Building at the Universal Exposition, St. Louis. Write at once to insure receiving a copy. 


LOFTIS BROS. & CO 


Diamond Cutters and ‘ 
Manufacturing Jewelers 


Dept. 718. 92 to 98 State St., Chicago, Ill. 4 DIAMONDS WIN 
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ial you are having any trouble with the finish 

on your floors, or are not entirely pleased 
with their appearance, it is certain you have not 
used LIQUID GRANITE, the finest floor finish 
ever introduced. 

It makes a finish so tough that, although the 
wood will dent under a blow, the finish will not 
crack or turn white. This is the highest achieve- 
ment yet attained in a Floor Finish, and is not 
likely to be improved upon. 

Finished samples of wood and instructive 
pamphlet on the care of natural wood floors sent 
free for the asking. 


BERRY BROTHERS, Limited, 
Varnish Manufacturers, 


Factory and Main Office, DETROIT. 
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THE TYPEWRITER 


The Recollection of Remains 
Long After the Price is 5 Forgotten. 


m4 Fox Typewriter is eminently a * “quality” mac hine. 
comparatively new, in order to sell it, WE HAD TO 
eve MORE QUALITY FOR $100.00 than others then 
erknown. The proof of this is the fact that the Fox 
has been selected in competitive tests by some of the larg- 
est and most cautious typewriter buyers in this country. 
On account of its perfected, supericr and simple mechani- 
cal construction, the Fox will outlast any other typewriter. 
It costs practically —J to keep it in lect order. 
Write us about our free trial plan. 
Old machines taken in _ payment and easy terms 
Ox TYEE 
EWRITER COo., Ltd. 
and Factory 560 nt St., 
GRAND RAPIDS, MICHIGAN. 


ores 


It costs you nothing to receive our 
announcements and other adver- 
tising matter. Simply ask to be 
placed on our mailing list. 


The University of Chicago Press, Chicago, Ill. 


SEE THAT CLIP? 2~"- 


THE NIAGARA CLIP holds securely from 


again. Better than pins for filing letters, 
records, etc. Avoid unsightly pinholes 
in attachi ond letters, business cards, 
checks, tavaleen, ete. Put up in boxes 
of 100 especially for desk oy eee Sam- 
ple box 15 cents, pos 


| NAGARA COMPANY, 123 LIBERTY STREET, NEW YORK CITY 


Photo Lenses 


and Shutters of every 
kind for all purposes ; 
Professional, 
Amateur, Process. 
Seld Round the World on all 
Cameras. Catalogue free. 


Bausch & Lomb Opt. Co. 


ROCHESTER, N. Y. 
New York Chicago 


| Paul E. Wirt Fountain Pen 


Thoroughly reliable —Unconditionally guaranteed 


Is the most sensible and satisfactory 


CHRISTMAS GIFT 


Ask your dealer. Sold on its merits. 
Catalogue of roo styles on request. 


Box Geir Bloomsburg, Pa. 
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Cheap Christmas 
Holiday Rates 
to Canada 


Via the 


Wabash-Canadian 
Pacific Route 


Through trains leave 
Dearborn Station daily 
3:00 p.m, and 11:00 p.m, 


For tickets and information apply to 
Canadian Pacific Ticket Office 
228 South Clark Street, Chicago 


illustration of 

the "Y and E" Vertical System 
of correspondence filing. 

@ Shows exactly how compact 

and convenient this method is. 

q Files ANYTHING FLAT, 

from letters to photo negatives. 

Want it? 


YAWMAN & ERBE MFG. CO. 


Phone: Central 2497 
138-140 Wabash Avenue 


The 
Psychology of Child 


Development 


By IRVING KING 


OF PRATT INSTITUTE 


** A very practical and helpful book, which should 
be read and studied by everybody who ‘has to do with 
developing the intelligence and character of children” — 

he Progressive Teacher, 


“This volume appears to approach the subject of 
child study from the right standpoint — not | on 
the assumption that child psychology is simply adult 
psychology reduced to lowest terms ¢ boo 
ts a most valuable addition to our child geychelegy 
literature.’’"— Wisconsin Journal of Education, 


‘** . .... it is a book sound in theory, full of sugges- 
tion, and valuable alike tothe practical teacher and the 
educationalist.”— The Educational News. 


280 pp., I12mo, cloth, $1.00, 
postpaid, $1.12 


At all booksellers, or order direct from 
The University of Chicago Press, Chicago, Ill. 


and C. H. @ D. Ry. 


Only 8 Hours 
CHICAGO 
CINCIN NATI 


BY DAY, Parlor and Dining 
Cars. 


BY NIGHT, Palace Sleeping 
and Compartment Cars 


CHAS. H. ROCKWELL, FRANK J. REED, 
Traffic Manager, Gen. Pass. Agt 
200 Custom House Place, CHICAGO, 
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A Short Cut 
to Comfort 


The “Long Distance’’ HYLO 
(shown in the illustration) is 
just right for the man who 
reads in bed, 4 Cord snaps 
on like a glove 
fastener. ny- 
body can put it 
in place without 
tools, The porta- 
ble switch turns 
the light high or 
low or entirely 
out. Switch lasts 
indefinitely. On- 
ly the lamp needs 
to be replaced 
when burned out. 
Cords can be any 
length desired. 


Look for the 
name HYLO 
and refuse im- 


Twelve styles of HYLO lamps. 
Send forCatalogue and booklet 
** How to Read Your Meter."’ 


THE PHELPS COMPANY 


106 STATE STREET DETROIT, U.S.A. 


WHO KNOWS 


the good and the bad points 
of all typewriters buys the 


Remington 


Remington Typewriter Co. 
327 Broadway, New York 
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The New Hammond Typewriter 


For All Nations and Tongues and used by All Classes of People. 


THE BUSINESS MAN - Because the New Hammond is the Best Letter 
Writer, Manifolder and Tabulator. 


THE SCIENTIFIC MAN - Because the Hammond has a practically unlimited 


range of service. 


THE LITERARY MAN - Because the Hammond allows the use of several 
styles and sizes of type. 


THE LINGUIST - - - Because on one Hammond machine more than 
twenty languages can be written. 


THE LADIES - - - - Because the Hammond has a beautiful Script type 
and others in preparation. 


EVERYBODY - Because one Hammond will write anything in any 
style of type, language, or color of ink, on any 
size paper in any direction. 


THE HAMMOND TYPEWRITER COMPANY 


69TH TO 7OTH STS., AND EAST RIVER NEW YORK, N.Y. 


| 
2 
. 
¥ 
} 
7 
! 
‘ 
. 


LITHIA WATER 


No Remedy of Ordinary Merit Could Ever 
Have Received Indorsations from 
Men Like These. 


Samuel oe. L. Potter, A. M., M. D., M.R.C.P., London, ' 
Professor of the Principles and Practice of Medicine and Clinical 
Medictne in the Coliege of Physicians and Surgeons, San Francisco. 


i] Dr. Wm. H. Deummond, Professor Medical Jurisprudence, 
In Bright Disease Bishop's University, Montreai, 
a 


Cyrus Edson, A. M., M. D., Health Commissioner New 
Alb minuria York City and State; President Board of Pharmacy, New York 
un City, Examining Physician Corporation Council, etc. 


John V. Shoemaker, M. D., LL. D., Professor Materia 
Medica and Therapeutics, Medico-Chirurgical ollege, Philadelphia. 


Pregnancy Dr. George Ben. Johnston, Richmond, Va., Ex-President 
Southern Surgical and Gynecological Association, Ex-President 
Medical Society of Va., and Professor of Gynecology and Abdominal 
Surgery, Medical College of Va. 


Dr. A. Gabriel Pouchet, Professor of Pharmacology and 

In Stone in the Blad- Materia Medica of the Faculty of Medicine, Paris. <4 
der, Renal Calculi, Dr. J. T. LeBlanchard, Pro/. Montreal Clinic,SM.,SN.,VU. 
and Jas. M. Crook, A. M., M. D., Professor Clinical Medicine 
and Clinical Diagnosis, New York Post Graduate Medical School. 
Inflammation Louis C. Horn, M. D., Ph. D., Professor Diseases of Chil- 

% of the 5 dren and Dermatology, Baltimore University. 
Dr. J. Allison Hodges, President and Professor Nervous and 
Bladder Mental Diseases, University College of Medicine, Richmond, Va. 


Dr. Robert Bartholow, M. ne LL. D., Professor Materia 


j G ut Medica and General Therapeutics, Jefferson Medical College, Phila. 
n WO 5 ; Dr. |. N. Love, New York City, Former Professor Diseases of 
Rheumatism Children, College of Physicians and Surgeons, and in Marion Sims 
College of Medicine, St. Louis. 
and Huriter McGuire, M. D., LL. D., Z2-President American 
Uric Acid Medical Association, Late President and Professor Clinical Sur- 
. gery, University College of Medicine, Richmond, Va. 

Conditions Dr. Alexander B. Mott, 0/ New York, Professor of Surgery, 


Bellevue Hospital Medical College, Surgeon Bellevue Hospital. 


A pamphlet telling what these and many other of the leading medical men of the day say of the value of 


BUFFALO LITHIA WATER BUFFALO LITHIA WATER 


is for sale by the general Drug and Mineral Water trade. 
‘ PROPRIETOR BUFFALO LITHIA SPRINGS, VIRGINIA. 
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ST. LOUIS FAIR Ghe 
GRAND PRIZE Weber Small Grand 


AWARDED TO - (Smaller, even, than the Baby Grand) 
DMIRERS of the magnificent tone of 


the Weber Grand, but who have in 
a Baker & Co.'s the past been debarred from owning 
a Grand Piano on account of the space re- 


quired, will find a most agreeable surprise 
awaiting them in the latest creation of the 
O e Weber house —the Small Grand. Its length 


is but five feet four inches, rendering it avail- 


able in many homes where the limited size 
of the music-room precludes the use of a 
ocoa larger Grand. 


It is of this instrument that Felix Mottl, 


The highest the great Wagnerian conductor, has written: 
made “Your small grand piano ts a revelation. 
award ever I never thought be possible to 
in this Country encompass such marvellous tome in se 


smail an instrument,’” 


& Mlastrated recipe book Upsights will be taken in part payssiene, 
prayer THE WEBER PIANO GOMPANY 
Walter Baker & Oo, lid. AEOLIAN HALL, near 34th St. 


WHY TAKE DAINTY CARE of your mouth and neglect your pores, 
the myriad mouths of your skin? The pores are the safety valves of the 
body. If they be kept in perfect order by constant and intelligent bathing, 
a very general source of danger from disease is avoided. HAND SAPOLIO is 
unequaled as a gentle, efficacious pore-opener. It does not gloss them over, 
or chemically dissolve their health-giving oils, yet-clears them thoroughly, 
byla‘method of its own. 


AFTER A REFRESHING BATH with HAND SAPOLIO, every one 
of the 2,381,248 healthily-opened pores of your skin will shout as through a 
trumpet, “ For this relicf, much thanks.” Five minutes with HAND SAPOLIO 
equals hours of so-called Health Exercises. 


Don’t argue, Don’t infer, Try it! 


It’s use is a fine habit. 


Its cost a trifle. 


over 90 By our system of 
plane in your home free of 
VOSBE & SONS PIANO CO., 160 Boyiston St., Boston, Mass. 
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